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(POUimi KDITION, IHIH.) 


At length I have, the HiUWiifdnu tif ullVniig (n tlio UeiuhT 
tho FirMt Voluiiui ol' the “Orgimio. Chi'miMlry," nml ill tin' 
saino tiiiio of ('.xprcHHing a (amliilcnt fxiu-flalinii llnil the* jinlili" 
cation ol' llio roinainiiig voltiiucii will jirni’i'nl vvitlmnt any 
HoriouH delay. 

Having heen unalilc, during tlio iircpanitinn nl'(In' intirganic- 
part iiC the work, to lake any uofount of tho yoarly ini’roawing 
mlditionH to tlui organic diviahm of tho ni'icnoo, t f.iund, on 
connnciu’.ing tlila latter imrllon of the work, that tlio liivl thing 
to 1)0 done wuh to collalo the negleete.d iniKler. 

Hut tho inoro (’urofully tliia win done, the greater a('jii‘ari'd 
tho diflfieully of reviaing, eo-ordinaliiig and elahoraling the 
masH of inattcr tluirt amumdatod. 

And in tho firat place, it appeureil alimtlntely neeef'rau-y 
to dovlMO a now inode of elaVifying orgaiiie eniiiponml >, 
innarnucli an tlio arraiigemeut ndoptetl in the former editiomi 
could no longer lio eoiiHidered Hati»litetory. k’ni lnnutrli,, in 
tho interim, llniiikH to the lalmiira of luiiiierom^ ehnni un, at the 
head of whom Iilehig ahiuea eunajaenoiH, (he eomjH»'iitio« of 
tho groator numher of orgunie eompoiuulH law heen no far mude 
out, that it doea not appear loo hoh! an attempt to adopt thia 
clmriictcr, aa the imwt Cfwential, for thehiwiM of the elaMifieulion, 
Moreover, since., in my opinion, carhoii i« tlm only . oioUant, 
ami thorefure the only essential eonstlliumt of oi-'anie I’.im- 
pounde (ii[i. .'i, -1), it appear.s mos4t appropriate to avrangw them 
according to tho numher of carlHiifaltiiurt eonluincil in a single 
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atom of the compoimtl; aiul .xiiifo wi> may as.mimo that, as Uio 
nninhci' of carbon-aioma iiu'ivu-^oa, tin* t'iim[iimml.>< usmuiiu* a 
more and more decidedly organic characti-r, wlmrciiM si dimiim- 
tlon of the lumdior of ciirlion-aliiinM hrin-^'t them nearer to tho 
condition of inor{fani(> comiamnds. it likewise aiipeiuM proper, 
after complctlnp; the dertcriptiou of the latt»'r. to lu^jin with 
those organic compounds wlilch contain the smnllest niindier 
of carbon-atoina, and iiroceeil regularly from thi'se to the 
liigheat,—a mode of arrang<*ment which, though in a dill'erent 
way, has been adopttal by Iterlmnlt in hit '* l*ri*cl*." 

To carry out this urrutigement further, it wa necessary to 
choose between the. fliitlifitt-TIu'tin/ adopted and de\eloped by 
Berzuluifl and mo.sl other chenii'l i, and the ,\tii l us-'/'linin/ as 
recently brought into laitice by the lahonr* ot lianrenl, Dnimirt, 
and Gerhardt. My ri a-sons for preferring the lati< r, and intm- 
diieing it, (hough with many alteration*, into thi.- llaud-biKik, 
are fully atated in (he text (pp. !1—And now that the lirsL 
volume 1 h c.om[ilete, 1 nee no reason to repent i-f my ehoiets on 
tho contrary, I am more attd mor«* eonvinei*d that th" Xiielcuw- 
Theory, when pro[a*rly carried out. urranjg * orgmiii* enm- 
poimdri in a nalnral order, vvhieli is a< i-asy ol' eoni[ireheiisiiin 
a« the extraordinary variety t>f the eompunmls will admit *, and 
aUhongh the e.onstitiition of many eompoiuul* militates at pns 
sont against the lawn ol’ this theory, a point on which t have, 
been and Hhall alwiiya he wdieiton i to direct alti-ntiou,- it i« 
noverthek'H.s ncareely to he donlited that these ili wrepaneieH will 
1)0 reconciled in one wsiy or another, as, indei'd, limy have al¬ 
ready been in Hcverul in.-Inneep, The most recent extnii|ile »f 
this kind is ndiirded by {‘yuuurie neid, { 'I I‘.O'". This* aeid 
wn« formerly regarded as tribnsie; Iml since it contnln-% (1 At, 
oxygen outside the nucleus, it nlmuld, su-cording to the Nucleus- 

* Tll 0 batftras) of potlmtiitity tlir Iwii l.rri* 

nltorcd by recE'nl !av{MtIgHtUii)s(rb/. I'p, la t.'O, n,r ttwiisliUnr. ta cli«, 
tion of cartnln ncwly-tlkwort’d niniimniuh ie.g. M>lli}t!»m!(n', jip. .iKt assi) 
li«8 cldtily BdopUsd Uie fomi«l« of the ttaiUcal.Tiirory. 
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Tlieory-j be blbaaic; and aucli, in fact, it luw nctuiilly liucn t'mind 
to bo {viil p. 20-j). It ia prcclatily becauac tliia (liciiry Icaila to 
important laws, wliicli unable us lo (luuidu a /iriori un tliu. 
coiToctuess or probability of formubu dudinn-tl iVom uxiiuriiiumt, 
tlmt it is prufurablo lo a theory before wliosi^ jtnlf.puent-aeal - 
in the absonco of laws—almost any coin[iositiiin of an orp^uiie, 
compound appears possilde, and eonHistt'iil witli its properties 
wbatover they may be; sueli a llieory as (he latter eanuot 
indeed bo easily confuted by any forniida detliieed from es- 
periinont. Lastly, if it be objected to (he Nneleiis-'I'lieory 
that it requires certain hypotlieses, we inaj' remarh that hypo¬ 
theses must III! admitted in an)' theory tliat can lie formetl 
respeetinp; e.ompoumls so imipjinalienl as Ihose of (he ()r;otnie 
Kingdom; least of all are (hey wauling in the Uadieal-’l'beory, 
whoso numerous radicals, aidiyilrmis aeiils, and eopidie, are, 
for the numt part, not known in the ^eparale stall', 

The peculiar didieulty in elassifying organic eompnimds 
according to the Nueleus-'rheory, lies, however, not so imieb in 
tbo llieory itself, as in the dlveri-llied elmraeli v of mir know¬ 
ledge resfu'cting many organic componndM. I''or of namy com¬ 
pounds the constlintlon is yet uncerlain; of oibers we kimw, 
indeed, tho empirical I'ormnla, but are in doubt re ijieeiing the 
rational formula. I'kir example: should Oj-ii/ir .In'it dried /sr 
bo regarded as (I’lIO*, or n-s t'Ml’O*. and doe;< if bel • mg lo 
the 2-earhon or the. •l-earbon pii-onp? In .li-rf»iir a priminy 
compound Cl“II'h)'k or a eopnlated eompoimd C'lI'O'.C'il and 
does It belong to compounds with li or -I At. earlion? In siome 
of these douhiful enses, ihul view lias been taken wbieh appnuM 
llio most [iroltable; in otbers, the iloidilful eompmmd lm > l.cni 
annexed in an aiiiieiidix to (liose with wbieb it seejimi to bo 
most elosely related, I’be latter emirse bai nl m been pnran il 
with all eompounds of nnknown eon.ilitnti'in, of wbieb the 
subHetpient volumes will, unfnrlnnuli ly, inelodi- a gi, sit. r 
number (liun (be present. With the fnitln r itm «(i;'!ilion of 
tlic eompoaition and deeompnsiltons of orgiuih' comjMinnd!(, 
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those imperfections will graclnally disappear, and the system 
here put forward, together witli the theory on which it is 
founded, will be perfected and at the same time considerably 
altered; but I shall be satisfied, if it prove to be correct and 
consistent in its principal features. 

In the stoichiometric calculations contained in this and 
the following volumes, the more exact determinations recently 
made of the atomic weights of certain elements have been 
adopted; thus. Bromine = 80 (instead of 78‘4); Iron = 28 
(instead of 27). Should any otlicr important corrections of 
this kind be published, they will lilccwise be adopted in tlie 
subsequent parts of the work. 


THE AUTHOR. 
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Cyanides of Cobalt .... . .... 492 

Ilydrocobaltidoyanic acid, H-Co'Cy" .... .... .... 492 

Cobaltidoyaiiido of Ammonimn, (NIU)'Co-Cy'’ +Aq. .... 493 

Cobaltidoy.anide of Potassium, K^Co-Cy" .... .... 494 

^ Cobaltidoyanido of Sodium, Na^Co’Cy" .... .... .... 494 

^ Cobaltidoyanido of Barium, Ba"Co’Cy“ . .... 495 

Chvomidoyanido of Cobalt,—Cobaltidoyanidos of Manganese, 

Zinc, Cadmium, .and Tin . .... .... 495 

^ Cobaltidoyanide of Lead, Pb’'Co’Cy'’ . .... 496 

Cobaltidoyanido witli Oxide of Load, Pb“Co’Cy“,3rbO,31IO .... 490 

Ferrooyanidu of Cobalt, Co^PoCy” . 498 

Forridoyanido of Cobalt, Co’Fo-Cy" . .... 497 

If Cobaltidoyanido of Iron, Fo''Co’Cy®. 497 

•ff Cobaltidoyanide of Cobalt, Co^Co-Cy” . .... 497 

Cyanide of Nickel .. . .... .... 498 

Cyanide of Nickel and Ammonium, NIPCy,NiCy .... 498 
Cyaiiido of Nickel and Potassium, KCy,NiCy .... 498 

Compounds of NiCy with tlio Cyanides of Sodium, 
Barium, Calcium, Cadmium, Load, and Iron 499 

Forrocyanide of Nickel, NPFoCy’ .... .... .... .... 499 

^ Ammonio-ferrocyanide of Nickel: 

a. 6Nri'',Ni-PeCy“-i-4Aq.—4. 2NII",FeCy+ 4Aq. 500 

Porridoyauido of Nickel, Ni"Fe''Cy“ .... . 600 

•fl Ammonio-ferridoyanide of Nickel, 2NIl'',NPFo''Cy''-|-Aq. 600 

Cyanide of Nickel and Cobalt, CoCy,NiCy . 600 

Cobaltidoyanido of Nickel, Ni”Co'Cy“ . 600 

5 f Ammonio-cobaltidcyanido of Nickel, 2NIP,Ni“Co’ Cy^d- 7Aq. 601 




errata. 


VOL. 111. 


Page Line 

352 ~ 14 from bottom ; for Ileryl, read Rock-crystal. 

3d 3 — 25 from top ; for being J, read being diminished by i. 


VOL. VI. 

.183 —' 10 from bottom ; for solution, read compound. 

330 — 7, 8 ,, The two clauses: “ filtering the solution to separate the 

undivided iridium; dissolving the unfuscd black-brown 
mass in water;” should be Iranspoied, 


VOL. VII. 


188 — 10 from top ; for nitrate, read hydrochlorate. 

2^0 d „ The formulae, according to the substitution-theory, should be 

CUKKltSO®^ and C8KCr=0''. 

226 — 2 from bottom ; far acetic, read formic. 

264 — 15 from top ; for Dumasin, read resinein. 

272 — 17 ,, ; for 70 parts, read 10 parts. 

11 ,, ; for Regnault, read Cahours. 

7 from bottom 1 , _ 

, „ f ; for Dumasin, read resinein. 

1 from top J 

7 „ ; for 90'00, read 91'43. 

8 from bottom; for CWH’O’, read CSN^H^O®. 

0 ,) ; for red and more viscid, read red, viscid. 


284 — 

304 — 

305 — 
335 — 
360 — 
400 — 





I'AIIT II. 


CIIKMlSTliY Ul>' (llUiAiNia (Ullll’OUKUS, 


tm 

ORdANlC CHKMlSTliV. 


Tiim iKiilioM Ilf (In' iiii'iiiii' Kiinjilmii m>' ilI 'tiiufiii’ilirii. in till it' lii<’ ! 
rnmiili'lo Htilli', friHil llin ■’ "f tin' ilmn'inui' l.iiiK''l"t" i 

1, Uy llu'it' iitlii'ivnt vital fnii'iv 

y. lly II ]ii'fiiliiir itlnictiifi', iiilfiiml mi'l I'tl- in il. 

I), lly ('iiiniKiMal"-l"l‘ tin* )*rilii l| al iiii'l 111 " I imj‘>>i{niil at 
Icasl- III’ cluilllicul ('itunaillll>l>» illtiln t'* llinii, liilJ.-.l 

or /’rii/u/nift' I'riiicijilrn »(thr fiiynnii'A»» .'•/ •m, 
ill (liti liiiilii'H Ilf |iliiii(f< mill miiiiml*’. imrily iiiix*'il mnl jintily ■'l■||lt•ltt■-‘l, 

liiitli wUli Him lumtln'r, lunl aitli f. iiain uintyiiiiii' i'iiiii|i>iiiiii|’i 

'fill' jii'iixiiimlo |iriiiriiilrii iiitu Im li nn iityjaiiii' limly iiiiiy !•>' i-iij 
nitiu'v Iiy imu'lmuiriil or liy l■llt'lllil•^ll himih i, uh' I’mlly fnotytuMi'. oin li ai 
wali'i', carlioiiii' iiriil, mol atlo-r miio inl lu nl i, i>mily otii tuti'. U Io n llo' 
liiUtir arc of niicli ii imliin*, tloil tiiiv uli«’nnit to i|i-i'«nin.>iisi' ito-m fnttlinr 
IciiiIh to lilt) foriiiiitliiii Ilf ili'i'iitinHimiiou |iri«l>ii'tii, vii lii*'li wlo'ii tou)itto>l, 
liniiliit'o fioiiietliiiijt tiiliilly ilin'crciit from llm auliitlmiro otiyiiiitUv' ilor»iii 
jiiiroil—llioy avo rcjifm'ilctl hm J'rumiri/, or AVrmr/ifory (hjanif t 

OiXmiic Cliciiiiiitvy coii«iilorjt ; 

1. Tliti oi'xuiiic romniiiiiiilii ocrutriuc ii> lit" l>n>l.< <1 of j*{ i<iil>» 
iniiinalH, In^jctlicr with llic ('omtiiiiutioii:) tthii ii ilioy (••mi »i!l< t io 'ii otLor 
and with iiior^uiiin liiidicn; Cfintitsh if ih -i.itm- i» sitt 

rnlrideil mini'. 

8. TltO coiiipimilioii of iiIhuEh tiiol mniuitK >iii<t of llo ir ■•uii'!. foriitod 
of llioso conniouiiilit mot of iitorrraiiit' jnihui.iiooa t'firmiitii omJ 

t'l. 'llio cliciitii'ttl I'limijfi'i wliirli ori'iir iii llii'»" Imilim, co iin llioy 
lire miliji'i't ill lilt' iit(1ticiu‘(< of lliR viliil fort!"; ‘'i 

J'/iiuIh mill .liihiHils. 
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ORGANIC COMPOUNDS. 


Subdivision I. 

PRIMARY ORGANIC COMPOUNDS. 


•Berzelius. Leh-luch der Chmiie. B. (?—9.—Constitution of Organic 
Compounds;— Ann. Phil. 4-, 323 and 401 j 5, 93, 174 and 260j also, 
omitting the beginning: Ann. Ghim. 94, 5, 170, 29Gj 95, 51; abstr. 
Schio.ll, 301.—Radical-theory: Pogr/. 28, 617.—Dry Distillation ; 
Pogg. 36, 1.—Radical-theory; Ann. Ghim. Phys. 67, 303; also J. pr. 
0^^.14,350,—Objections to the Theory of Substitution: Ann. 
Ghim. Phys. 71, 137; also J. pr. Chem. 19, 36; Jahresber. 20, 264; 
21, 402.—Theory of Fermentation: Jahresber. 20, 454.—Radical- 
thoorv: Poaq. 47, 289; also Ann. Plumn. 31, 1.—Copulated acids: 
Jahresber. 21, 105. 

Brodie.—O bservations on tlio constitution of tho Alcohol-radicals, and 
on the formation of Ethyl. Gluim. Soc. Qu. J. 3, 405. 

Cahoiirs.—O n the Light Oils obtained in- tho distillation of Wood. 
Goinpt. rend. 30, 126. 

Chancel.—O n a now class of Ethers. Compt. rend. 31, 152. Gomptes 
mensuels, 6, 369.—Further, Gonipt. rend. 82, 587. A7in. Pharm. 
79, 90.—Chanoel & Gerhaudt.—O n tho constitution of organic 
compounds. Compt. mens. 7, 65. 

CnEVREOL. Consid&ratians gent-rales snr I’analyse organigue el siir see 
applications. Paris, 1824. 

Daddenv. On the Chemical Nomenclature of Organic Qomp)ounds. 

Loudon, 1851; abstr. Cham. Gai. 1851, 817. 

Demondesir,—E xperimental researches on the Ethers and Amides of the 
Non-volatile Organic Acids. Compt. rend. 33, 227. 

Dumas. Handb. d. angewandlen Chemie; vbers. wn Engelhardt, B. 5—7- 
•—Theory of Substitution. Ann. Ghim. Phys. 56, 139; 57, 318; 
58, 34.—Substitution and Polybasic acids: Compt, rend. 6, No. 21; 
also J. pr. Chem. 14, 449.—Theory of Types; Chloraoetic acid. 
Ann. Ohim. Phys. 73, 73; also Compt. rend. 8, 609; also Ann. 
Pharm. 32,106; also Jl pr. Chem. 17, 189.—Types; Compt. rand. 10, 
149; also Aim. Pharm. 33, 259; vdsoJ.pr. Chem. 20, 273.'— Dumas ilc 
Stas. —Types, Alcohols, Aldehyde.?, Acids; Ann. Chim. Phys. 73, 
113.— Dumas & Piria. —Types: N. Ann. Ohim. Phys. 5, 353; also 
Ann. Pharm. 44, 66; also J. pr. Chem. 27, 321.— Dumas. —Substi¬ 
tution; Jiev. Scientif. 1, 150.—^Amides: Compt rend. 25, 656.— 
Nitriles: Compt. rend. 25, 383.—Report on Wurtz’s Compound 
Ammonias. N. J. Pharm. 16, 199. 

Prankland & Kolde. —Constitution of tho acids C"H"0*; Nitriles: 
Ann. Pharm. 65, 388; abstr. J. pr. Chem. 46, 303 ; partly also 
Phil. Mag. J. 33, 266.—Decomposition of Cyanide of Ethyl by 
Potassium. Chem. Soc. Qio. /. ], 60; Ann. Pharm. 65, 269.— 
Prankland. —Isolation of Organic Radicals. Chem,. Soc. Qu. J. 
2, 263 ; Ann. Pharm. 71, 171.— On Organic Bodies containing 
Metals, Phosphorus, &c. Chem. Soc. Qu. J. 2, 297; Ann. Pharm. 
71, 213; Ann. Ohim. Phys. 29, 253.—On the Alcohol-radicals. 
Chem. Soc. Qu. J. 3, 30; Ann. Pharm. 74, 41. Further, Chem. 
Soc. Qu. J. 3, 322; Ann. Pharm. 77, 221. 

Grriiarut. Precis da Qhimie organigue. Tom. 1 and 2. Paris, 1844 
—45 .—Introduction d I’dtude de la Chvnie p>av le systhme unitaire. 



Paris, 1850.—Theory of Substitution; Coiiju^^atedacids, Ann. Ohm. 
Phys. 72, 184.—Jlivisiou of or;;>;auic ooiniKmnds: Jle.i'Uti scit'u/i/.; 
also J. pr. Okein. 27, 400; 28, 34 and 05; 30, 1.—CoiiNlltiilion of 
Alcoliol, J. pv. Qhem. 15, 17. — Eqiiivahmts : iV, Ann. (.'him. Phi/f. 
7, 121); 8, 238.—Oonju;j;atod acids. Amides, Conqiound Klliors; Cimpi. 
rend. 10, 458 and !)42; 17, 312; 20, 1037 (tlio latter al.so; N. Ann. 
(■h'm.. .I7n/s. 14, 117; also J. pr. C'him. 3.5, 21)1); dumpt. rend. 20, 
1048.—lioilinj^; points of organic conijiounds; iV, Ann. (Ui'nn. /‘Iii/s. 
14,107; also i/, 2 J)'. (Jhtnn. 35, <')00.— (Jompt. mensneh., 1, 77-—On 
tlio No-ciilled Ah'oliol-radicnls; iliid. 5, 10; 7, 100.—Doooiupoaitioii 
of tho Substitutiun-proiluots of Oonipound lOtluu's. A'. I'harm. 
14, 22.0.—Da.sicity of Acids. Vumpl. menmu'U, 7, 120.—-(iKniiAnDT 
& CtiANaur,. Constitution of Or/janie. Compounds: ibid. 7, 05. 
IIiiAfliWKTZ,—Ou oortaiii coiujiounds of (ho radicals J. pr. 

a/icm. 51, 355 ; Ohem. Guz. 1851, 201. 

IIoVMANN.—lloniai'hs ou tlio Ibrinnln! id' the Aleohol-nidienls. ('hem. tSoc. 
(Jr. J, S, 121; Ash. I’hitrin. 77, lOI; alwlrs. Phnrm. 17,470; 
Vompt. nienniit^.", 0, 22.5. Uesearehes ou the Volatile Oi'^rnuie Itasos; 
(Fii/. Hremoir.H cited at Iho head of tlio section on .1 Ihdnidii.) 

Koi.uu.—Chemical e.oustitulimi uml uaturo of Oi’^'iiuic Undicnls. ^lan. 

Pharin. 75, 211 ; 70, 1 ; Cfhrin. ,S',,c. (Jn. ./. 3, 30!) ; 4, 00. 

Koi'i>.—Hpeiiilii! /'cavity and Hoiliu;r pidntof Oc/'iiuic (touniiMiuds, Pm/ii. 
(in, 311 ; 05, 80 ; 81, 374 ; Ann. Plinrin. 41, 70 mid 100 ; 50, 7l' ; 
55, 100 ; (,’hem. Pnn. (Ju. J. 3, 104. 

Lauiihnt.—N iiideiis-tlieory. Ann. (.'him. Phyt. (11, 125; alsn •/. ;u‘. 
Chem. 81, 201.—Vidatilo Oils nud Uesiiis. Ann. ('him. I'liyn, {l',\, 
215; 05, 331,—ludi/'o. Ann. ((him, Phys. (14, 3.'I2.. - Kiitly Aeids 
and irydcocarhons, Ann. Vhim. Phy>. 05, 140 ; 00, 151 and 175. 
Typos. Ann. Ohim. J'hym 72, 40!). Noiiienclatiice, A'. Ann, 

C'him. Phya, 3, 403 ; Peime acienti/h/ne, I, 5.'); II, i‘17l.‘ (lxilla¬ 
tion and Dooxidution of Nucloi. ('.ompt. rnnt, 10, 850,— Corcefl- 
poiidin/i; series of dilliueut c.iiuiponiids, Ctimpl. rnid, 21, 858. 

'—^I'lveu uniuhors of Atoms. 0»mp(. rmd, 22, 453. ■ Snluililuliim hy 
Olilorinn. .AVii, acienlt/. 1), t>. — Nitro-conipomids, Cnmpt. rend, 
20, 850 and 1115; 21, 1414; Jtev. aeimli/. 0, I!).—li'ocuialitm of 
Oi'/'auio. Couiponndfl. ./iVc. aeieniif. 10, 370.— l'’iicllier ilevelopnieiit 
of tlio tlieory of Niiidoi, and formiil.ion of llie seiies. Cnmpt, nml. 
17, 311; 10, 1080 ; fiirtlior, punicuincly, /I’fC. aritnl!/. 12, 175 ; 
14, lO.'l, and 550. Aeiils. Cnmpt, nml. 20, 510; fiicllier, A'to. 
aeienltf. 10, I (HI, niiil 305,—Amiiles. Conipt. nml. It), 570; 20, 
850; fiictlier, AV», ecirnt. 10, 1.38. Diipliciitlmi luiil n|diUiiig of 
Nucloi. (.'(iinpt, hrlidrim, I, 40,—Nitriles. Cirntpl, rend, 25, 884,— 
On various Or/'aiiic Coin]ioiinilH. /bid, 31, .')40,—JiAiiuuNf & 
GnunAnii'i'.'—Alc.oli(d-iadiciils. Cum/ii. menanrla, 0, 241, 

Lieuio. llandhuch. tier Chtinle mil U'm'katehl tin/ Pharmacit’. lUl. 2. 
Iloiilolhorg, 1843.--7'/v/iV f/r Cliimie uryttniiiue. fl Touiea, Paris, 
1841- 44.—/I(B oryantache C’/nmir in ihrer Anwentluny at/ Ayricullur 
vnd Phyaifilogie. Aufl, (1. BraunHcli\vei||, 1848,.— 77ie aninr (nina- 
lalf il by Pltiy/air, Loudon, 1 H-lti.—/HeThirrchemie.i.th r die unjunisehe 
Oheniie.in ihirr Anwendunt/ niif Phyawliuile nml I'lithutmiie, Anil. 
3. nraiiiiHclnceij,', 1,‘'40.— The attnie trtinabil'il by Gnyury. I.oiiiloti, 
PUT.’—C'ktmiarhf. /Irie/e. IIcMdolherf;, 1844. Pernientatiiiri iiiul 
Docn,y; p, 148—225. DocoiupositiouH liy Nilrio Aolil. Ann, Phnrm, 
5, 285.—Conjugated Acids and lltuliunls. Ann, Phanii, 18, 322,— 
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CONSTITUTION OP OllGANIC COMPOUNDS. 


SubBlitiitidii. Ann. I'harm. ID, 274.- lladiealN, ylnu. I'ham. 
25, 2,—rnlybiiaio Aciila. AvJi. Pharm. 20, IK).— I'ompt, veml. 0, 
No. 22 j also pv, ('hail, Id, 55. — (''umpt. raid. (I, H2.‘); also Aim, 
I’hcmn. 44, .71 j also ,/. pr. (Hum. 1.7, .7H.—Tmiisforiimliiiiis of 
Azolizud liodicH. Ann. Pharm. DO, 2,70.—Formoutatiim lUid I’utro- 
i’notioii. Ilinidivortahiirh drr Chrmir, !l, 217.—Oxidation of oi'^oinic 
(’Oiiipoiiml.s. Ann. Pharm. 70, Dll. 

Liiwio. (J/tanir ihr ori/aniichm ]'trliindnn<ltn. Aufl. 2. 2 Uiindo. 

Jiiii'ioli, IS-l.l—.10.—Aniidos: /’«//</. 40, 407. Ibiilinj.? Iioint of 
Oi';;unio Coinponnds : Pmjii. 00, 2.70. 
lUtr.t.KR.—Atomic. VUdiimca and Uoilini;; I’oinls of Analogoiis Oi'ganic. 

Compounils. (dim. Snc. (,>u.,r. 1. DUD. 

H. MiT.sciri.'.nt.U'it. Jahrlnuh drr Clirmir, Anil. 4, lli'rlin, 1H44; csjic- 
C’allv 1), 1. Alilli. 1, S. 124—4.'>0.—-('o]inlal(>il acids; /’of/y. Dl, ODl. 
— jir. Oh, III. 22, 40H. A. .(/in. (’him. Plips. 1.7, .708. 

I’ut.ouzi;.— Obji'Cliona to tbo Tlioory of Substilntion. (.'iniipt. raid. 10, 
2.7.7; also jian, Phanii, D3, flOl; also J, pr. (Jhnii, 20, Dliil. 
St'UAAur.iNd.-—-Action of Snper-bcatcd Steam on Orfcanio Snbslaticcs. 
Chan, O’fc, I Ho I, ,'llltl. 

Si'iiubnnn,—Sin;cillo /jfi'avity and Iloilinji' I’oinl.s of Oi-^janlc f'omiionndii; 
Pop,/. 112 , 1H4 anil D.'lf (morn fnlly in a .siioi'ial work. Mniinliclin. 
lHdl).--/'opi/. li'l, Uli; 07, 4.7. —/'ii./r/, 70, Dl; alwlr. Aiiii. Pharm. 
7(1, 1711; also .lahrahtr. A. if* A*. IK.70, 170. 

Soutn.TKM,—Action of a mixture of (llncosc and .'snlidinric acid on Organic 
Snli.siiincc.s; Ann. Pharm, 70, 2\2. 

Wir.r.rAjr.soN.—-Mllicrificatioii and a new class of ICtbers: Phd. .Uiip.d, 
D7, D.'iO; (dii'iii. iS'oi'. (Jii. ,/. •!, 10(1; Ann, Pharm. 77, 40; Cniiipt, 
manat,h, (I, ,'1.74,- I''nriln‘r, ('hnn, ,S7,c. (Jn. ,/, 4, 2211.—(knistilnlion 
of Salts: ('hail. Pot\ (Jii, ./. 4, !l.71. 

WiiiiTZ,—On a, ni'W soricM of Alkaloids analo^'ons to Ammonia. (I'lVc 
MenioirH cilcil at tint head of Alkaluida.) 


f, ro.svriri'i'iiiN iiF OiKi.vMi- Cii.Mcni'Ntis. 

1 . Vamponait*, 

Oi'i^tinln cmniifiunds do not by any ineans dilTor from thoKO itf llm 
inorganio kingdom in tlio tdomonts ot which they aro comjioswl. Tho 
olomonta by whioh tho former are proilnccd aro likowiwo loutid in tlm 
latter; but while all the elements can combine to form inorganic, com- 
poumla, only a. limited number of them are eaitahlo of entering into 
oomiionnds of the organic ehisH, All organic comiumnds contain carbon; 
most of (Item contain hydrogen iind oxygen: a few contain nitrogen; and 
a very fow contain jihosphonis, sul|dinr, iodine, lirmnine, chlorine, &c. 
From tliis small niimhcr of elements, there are formeil w*vcml thonwnd 
organic com[ionni|.s, (listingiiislied fnmi one nntither, either hy tho 
dilforant nalnro and relative ijuantiiieH tif their eonslilnents, or, when 
tho composition is tho saim*. hy isoincrie, metamerie, niul ptdymeric 
rolalioiis, 

Carlton is the only oleinont which is essonlial to organic. conipoundM. 
Kvery oiio of the other elomonla may ho nhaent from imrlicular com- 
pounds; but no eompoiiml, whieii in all it« rclaiioim deaorvea tlm nnmn 
of organic, is destitute of carbon. Accordingly, nnmmnia and ammonium 
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cannot properly l)o rogarclcd a.s organio conijK)uniln; it ic (ruo tliat f-ul- 
annnoniac, consklorcd aa clilorido of ninmonnun, NH‘(!1, iw Honu'linu'.s 
compared with liydrochlorio tdlior, regarded as clilorido (d’ ethyl, C'HHd, 
& 0 .J but tlioao two conipoundM ilo not really exhihit (he rcHenihhincii 
thuH ascrihed to them, their dccompositiona fdioM'ing, indeed, I hat limy 
contain chlorine in totally dillbront atatoa of comhination. 

If wo wore to regard iik organic, llioao carlion-componndH Mddeh have 
Idthorto heon claaaod among inorganic, Bnlmtane.eH, rh, carhunio oxide, 
carbonio acid, Bidphido of carbon, jdiosgono, caHUiron, ifbe,, wo might 
dolino Or<janie CmnpowuU Himply aa the (UmpoumU o/' f’ttrlinii. 

But organic coniponnd.s arc Btill further diHtinguiBhod by eonlaining 
nioro than onn atom of carbon, —To iIuh HiippOHition wo are oflen led by 
tho jiroporlion in which tho elcinont.s arc combined. Thns, (wanogen 
contains 14 jits. nitrogen and 12 pts. carbon; hence ilH formula iw C''N. 
In other compounds, tiio aamo conchmion iw dedncod from tho )iro)ior(ion 
in widch thoy combino with other BuliHlaneeH. Thim, iieetie acid eontaiiiH 
equal numborB of atom.H id' carbon, hyilrogeii, and o.xygen, ami might ho 
regarded ns CIIO; but 1 At. |i<daHh rci|nireH for il.s aeatraliBation a i|inin- 
tity of acotio acid correBponding to th(> formula 

Ilunco tho torm Organic C'oHiyioi/m/.i inelade.s a/l Prhiinri/ (hnitiiiniuils 
coulainin;/ moir llutn onr nUmi of IturUm.— Wy jiriamry compoundH wo 
mean Hueh as arc md., liUo bicarbonate of ]iotaHh, made np of other 
compounds. 

Jflj/drof/en neeurs in nearly all organic mimjamndM, Wany of ihein 
consiHt of carbon and hydrogen alone; and in IIicmo liydro-carhouM, 
ono atom of carbon is combined with not U*.»s than At. and md morn 
than 2 At. of hydrogen. Jdnny olhiTs contain one or Moveral (dher 
olomonl.s in addition. 

Thoro is no organic com{ionml consisting meridy of carbon and 
oxygon; but very many organic. componmlH contain o^ygen together 
with carbon and hydrogen or other elomeniH. It is true that the hypo¬ 
thetically anhydrous oxnlio ami oroconio uoids are conijio.sod of C’O* (or 
C^O*J and C*0^; but theso coinpoundH are not known in tho separate 
state, their existence being merely Ityjadlmiically n.’-Miiined by certain 
chondsts, 'I'ho (pnuitity of oxygim in organie eompound.si.B never snili' 
ciont to convert all the carbon into carbonie acid and at the lamo time all 
tho hydrogen into water. Oxalic acid, wideli eontain.H a larger propor 
tion of oxygon than any (dher organie eomponnd, is coiiiposeil, when 
dried as far as possible, of (PIIO*; and it is (wident that lo form Ut'IO 
and no, one moro atom of oxygen would be reipdred. 

Thoro are a few organic compounds, and only a. few, eon.dsting entirely 
of carbon and jS'itroijen, such as Cyanogenand Melhmr-t. "N*'. 
Others oenUnin hydrogen, in addition, as Nic(dini>”(''"ll?,\j Aniline--.- 
C‘“II’N. Others again conluiii both hydrogen and snlplmr, in utUlilion to 
carbon and nitrogen; thus Oil of Mustards=0”lPKK'''; and very nmny 
consist of carbon, iiytlrogon, oxygon, and nitrogen, sueli as tlm erv.-dalliim 
alkahdds, aidmid products of nutrition, &o,, c.y., Nnrcoiine l"'')C'NO"; 
l’rotoiru-..tA'IF'M«0» 

Them arc likewiso n few organic conijamnds emdaining nothing hnt 
carbon and (Jliloriue, ns OKU®, C®C1‘, 0*01".—Mneb more fretpionlly, 
Ghlorine, Jlromine, and Iodine ocewv in such compounds, assooialcd with 
other olomonts hesidtja enrhon. 
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An orffnnift pominnnnl nmv pimtniii rrmn twn In ku flcnii'nlH. Cyttii- 
attPn~C*N; U'dnil-.ipifit. -I'rrit-- ('*11'X'((‘liIdl'd ililinnimni- 
lin=:{'''^IUHr'ClX. AUimnoii (ni'idinliiiK tn .Mulilfri f'■■U‘*"X^'t)'’',S’l‘ 
= ] 0(G“iF'XH)'’0 f-H' I 1’. Tlui iiiniitii'r tif iittnuH of curldiii nml liyilrnxmi 
ill priiiiary (irj-anin c«iiil*“Uinl« mny iiimmnt luulidiit 7ti; Inti thci luimliBi- 
of dxyyiMi-iildiuH iw'vc'r <‘XPPi'il« '-in, ami that nf tlio ntlmr alomi uimitint.'j 
to only I (0 (!. 


•J, A'cf'ii niimhei'g of 1 / 11 “ 

Nearly all orgaine Pompemmls cdiitaiii an dven nmiiUdr of railidu- 
atmna, eithiu'2 or 4, (I, S, in. ^ci'., up tu tin. In tlm r<illuwii)(j. hinvnvssr, 
tlio niimlinr of carlidn-alitm^ i» nm>vt‘ii: .\Ic-ti%nlif aimi CUtP; {'riH’dnio 
acid" (NIK)*: Gitriicdiiii' add ~ <'’!i'()’i llucniiic acid ami l.ipic acid 

=::C*n"()'; I'yrdtai'liric? arid —(NH‘ 11 '; Ithdduiuiic aciil (lullic 

acid — O’lPt)*; nml I'imidic ucUl —(‘*H“U', ’rin-t*’ dscciitiniH may he irnt 
rid nf by ddutiliii};, iw (Icriiardt diic.>«, tim aiuimc wcis'lilM of acids, 
and conKWpit’iitly tlm numlionif lladr carhdn attmci, wlicrcby a imimduisiB 
acid ia rcmlcrcd liibaMic, nml a liihii'dc acnl (tike i'allic ai'id) hccnmcB 
qiiadridmaic. In miiiim' of tin"*!' ucid<, ilu' dnplicaiiiin appiiir-i In Im 
jiistiflcd by (heir hidiavidiir with calilialdi* himi'ii, uhiln in utlirrM it is 
niendv iiitrodnccd to niuUc tin' niimlicr df ciulum aidinK tn-u U ia 
rciimrkaldfi tlmt S ii nlni<c»t tlic diily uiii'ccn (hat the ciirlian' 

atiiniH can ii'-miinc. In hdun' nf tin* alkalidda ul in, llu' analyoci liitln^rtn 
imidd ^'i\'d iiticvi'ii iiKnibi'i I <>{ ciiilidii aidiii . r, , m 1' 

(loduiiic, Kmctiim, amlSanj'iiinutiim. riunidciini?. linacMT, flic ililliculty 
df mich niialyf'C^, ii» well u > lb*’ citcMni**tinicc iha! ilif'i' c>i|ji{.<<timl jcdiitnin 
frmii .'IH tu ■III aldiit") nf curbun, •■■i tbal a -diijbt cridi- in dct<-iiniiiiiin ihc 
(jimiiiity limy cii-ily inat.i' a dill'cti'Mcc nf i.ne i>p iiinic in ibc nunibcr nf 
cni'lidii iildiiiH, i(. niiiy rcjciiuuitdy In' liii|n.d ibtil ibcn' l•\c^’pli>^ntt will 
diBiippunr uii furlbur inv^>^li^liun. 

Tlio mim id' tlm nl>ini« id tlm utber element < wbieb are ai'mi iaied with 
carbmi in an drjfunic, cninpound, ii likewim Hiim>'’t alwinn an oven 
iiiiinlmr. 

All livdi'iiciirliMiej euntain even numher> <d’ bvlrd^en aidin': (Nit*, 
GUI*, G'TI", (;'‘Tl*. (N'll", t‘^'il'\ (''Tl'Mye. lexcm.l ibe radical*. C'Hk 
CilI'. CTI", &o, (\V.)1 

Himilarly all the cnnipimndn of carbnii with cblnritie cdiilnin even 
munborii of oblurino'iitimis: (KlT*. (‘‘(’K. 

Hut in Cynmijjcn, L'^X, tins numlmr uf nitrni^en nlonm in nnrveii. 

In onmponndN cuntninin;; two nr more elementsi liesidea turlMiii. eacb 
of tlio oleiimiitH untnetiirtcM imciira in iiii even nnntber nf i»t»m% Kvisn 
tiutiibora occur svitb ibo (trenlesl frenueticy in lbs* nsygeii and aulpbiir 
atoiiis, In otbor chscs, linwcvnr, it i« only by uddinjj; li<j*eib* r llui lamua 
of lUo Hovcral (doinentH llmt an even miiHl«*r ia nbtained. '1 bmi, nti tins 
ODO hand: A cede. Acid Ueiunin wid «.*( 'Tl’tJ* j i.iietie acid 

*=0*11*0"; Alcidiol-sO'Il*!)!'; M«slTaptiui*--(;‘It«ii*,~{)ii the niber liBlid, 
Eth«r=C*lP0 j and nnnhnfnim to tin# are ; ; t‘*HV ; tNUTtlKO; 

PyrogallioaaidsC5"IP()'; Xicniiim-.lN'iKX; Aiiilims*;.:t;''lI‘X; Cnniiim 
=;C*''H‘*Nj Len«d = c;''‘irN; Indim* (.’’'■IPXfU; Chlnml ■ (’»m;i‘0'; 
Bromoform=C’UBr*; Brnminilnfiimi tNin-Tlr; (’htornidieniwie imid™ 
■C‘«H"G1»0". * 

In eerlnin otbor cnmpnnndfl, bowover, no oven number** nro obtained, 
oven by adtlinjf togelber all the lUom* combiiwd wilb tlm carbon. Tliin 
iM the ciwQ with Iniligo-wliite 2 sC'"H*N 0 *; btnee Imorenl St Oerhftrdl, in 
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orflor to imilco tlin mimborH ovoii, ami without usHitcniiij' iiiiy ollioi' voiiMiiiH, 
clmihlo till) atoiiiio wcijjclit oi' lliiw ('oiii]ia(mil, making' it-- Thin 

cxcajition is likowiso oxhiliitoil hy certain orgaiiKMusds: Oxalic aciiln 
C'lIO'*; hlollitic. a(:itl=:U*llO^; Tartaric and llacimuti acid: t:Ml'0“; 
Miicio acidri-G^lPU"; Saccharic, aoid:=.0“llH)“j i'illaj'ie acitlv-.(SMl'l)", and 
a few othoi'K. Hut the hi|;h huilini' peiuts of most (d’ tliixso aciils, and 
tlioir dcportnioiit with salilialdo hascs, render it prohahio that tliciratoinic. 
woip;ht .slionld ho donldoil, whcrtdiy tlu'y would ho convortoil rroin inono- 
hasio to hiliasio acids. Thus: {).xalio aeidr:;i;*II,'T)"; Mollitio acid:::;: 
C“IP0». 

This law of tlio ICmn umhers of A tom it pro]iosod hy Iianri'iit Sc 
Gerlnirdt is expressed hy tlieni as fidlows ladojitin/t tlm atomic weights 
of the elenu'uts as ^ivon in this Ilund-hookj; 11 the atoiuic woi^dit of an 
organic eoinponnd ho fixed at such an uinonnt that its va|mnr shall ho 
ili-atomio [1, f!7], or (according: to the nsiial nnahi rd expression, 

whiclt will ho oxphiineil in speaking' of the properlies of oixanic com¬ 
pounds,) that 0110 atom id' llio comjiouiol in Ihc form of vapour shall 
occupy 4 vidnmes, then the followinj; (|nuntilic.‘i will ho divisildo hy2: 
•—(1) The nnmhor id' ('arhoii-atoms in the compound;—The sum of 
(ho atoms of Hydrogen, Iodine, Hromiiie, t'hlorino, Nilro;;cn, and Metal; 
(;i) The Sinn id' the atoms of Oxy^toii, Siilidiiir, Helcniiim, and Tellitiiiim. 

This modi' of statin;; tho law reiiiovi's many exceptions, which seem 
to present thcmsclvi's at first si^Iit. If the foitntihi of ether he (''IHO, 
the nitniherof atotns <d' hydro;;eti ami of oxygen will he nnevcii. Accord¬ 
ing to the ]ireceditig law, however, the atoniio weight, of iivery organic 
oemiiouiid nnist he so estahlishcd that its vapour may ho di iitomie, or 
that one iitoin of it may occupy <1 voliiiiies of vapour, lienee, sinco 
t'thorr-tf'l 1°() gives hut '2, vidiimes of vapour, its foitntila miial he nlterud 
to GTI'^O’, and then it will give >l volnmes of vapour, and tho mimher 
of atoms, hidh of hydrogen iitid oxygen, Mill ho oven. Finally, although 
this law is still suhject to ci'rtiiiii exccjdions, nomo of w liicli, especially 
that of cviinogeii--(f’N, cannot easily he got rid of, it is, neverllieless, 
well M'orlhy of eoiisideriitioii, since it holds good in the greater miinbBr 
of cases. It ap]icars to ho duo to tho Icndeiicy of the nloiiiH to approiioh 
imo anotlicr as nearly as possible, wheneo tlioro results a morn or less 
symimitrical iirraiigonitnit, Mdiicli coiihl not so well lake pliico if (he 
iiiimhm'H of atoms M'ero imovcit. 


Modi' of ('oiidi'uliitioil of tin- ICh'M'ill't in Oi'liiiio' t"iO»/ni»;/,/s. 

Hiiiee the jirodiicts of the vegeliildo iiiid animat kiiigiliiiiis have been 
niado till) siihjeets of elieiiiieal iiivesligutioii, it has been cdisiTved that a 
chomical difTercnco exists between these products and tlioi-.e of tho iniiicnil 
kingdom j hut the initiire of this diU'ereiieo has miver been siillieicntly 
Timdo nut, At first, elieiiiists M'ero coiiteuled M'itli ascribing the difference 
to variety of origin, iiiasniiich iia organic, comjmiiiids are farmed in plants 
and luiinials, while inorganic, compounds occur in inanimate naliire, or aro 
|irodiic('d artifieinlly. But since more recent inveatigatioiis liave slmwii 
that certain coiiiponmls, obviously of orgniiie nature, miiy Im arlificially 
produced friiiii iiiorganio nuiterlttlB, tills tliHliiictioii is no lunger (enable. 

Borr.eliiiH (Ann. /'/ill. A, formorly atteiupled the following 

mmlo of distiiietioii. All ii'.orgnnin eiiiiipoundn are Idmiry ; all orgaide 
oouipounds, tertiary, iiiiatenmry, (|iiinary, nr senary. Thus, an iimr. 
ganio compound, m-Iioii it eoniains more lliuti tw'o elements, may always 

Ji..lJ-.r i-i,,. ,_ __i., f....1 ._1.._- .1 
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oC tlioso pnvta lioliif? oitlifii* mmplp. tir itwlf ilivisllilo iiitn two imrln, luul 
MC) on. TIniH K(),a()’ia llio liiiiiiry ('iinijioimil of KO mnl S()^ tlin llret 
of tlu'HC, KO, boinjj; cinn]iom’<l oi" K iiml t), siinl llit< .''()\ of S 

ami 0“. Orj'iuiic. coinpotimia, on (lin nmtntry. conliiiii imirn (liaii two 
olc'monl.a; ami llu'PO arc ilhwdy roiiiliiimil into a w Imlc, without Imin;' 
])i'ovion.‘;ly unitcil into hinury ('oinjionmlH. 'riiiia .ilcohol, tMll"l)’, is a 
torniu'y oomponml, ami t'annot la* rc.solvi"! into any two I’oiniionmls, 
oapahlo of roproilin'inir alcohol hy tlicir anion, v'vc. 

Sims', howcvci', it haa hccn fonml that many cotnponmlt, which mnsl 
nccc.ssai'ily iio i'c;;ai'ilcil as organic, ciich ai oil of inipcntinc. ami many 
othoi' volatilu oils, S,c. comsImI of only two clomi'nts, lunl arc, thci'cfon', 
hinavy comiionmls, ihia mi«h> of ilistinction can no lomi;cc hi' maintaincil. 

Ufanv oihi'f chcmistH, on tin' contniiy. rc^faiilcil oia'anic componmU 
as foi'im'il hy thi' anion of cuihonic ojtiih', carhonic aciil, water, m.irsh* 
gaa (Cdl'), ololiant fjna ami othi'r aimilar hinnrv componiulM 

amonj' IhoniMulvcB. Tliim (lay-I.iwaac rcpirilcil alcohol. (’*ll'tH, aa a 
ooininmml of olofianl jxiih, C*ll*, with UlU) ; while Uohcri'incr rcf>;arih'il It 
aa a compouml of 1 At. carhonic aciil with .T At. mar-h-L'as, which ho 
viowoil aa an inoryanio romponml, (“IP, I’cr o?, mxhrnl. KIKI,) 

atlrihntcil to acolio aciil, ('*11'0‘, the formnla (“TI’.l'tl.t'DMIO, amt 
alluruil in a aimilar manner the foimnla' of mint of the other aciils, 
aa/nimin;,'in (honi 1 At. water, 1 At. carhonic aciil, ami I .At, carhonic 
oxiilo rcaily formcil, Mitscherlich i-s indineil to restnril hcnstoic aciil, 
as a com|iimtiil of licny.oyl, (I''1P, ami ’J(‘ll', lint all thcwi 
iiHsmnplions am fonmli'il merely on the possihility of traimforminK orKaain 
componntls, hy ('I'rlain inoilos of ilecompontion, into nater, carhonic oviilc, 
carhonic, aciil, i*(;c,, which comiionmls, howewr, i|o not really exist in 
(ho organic, hinlics, oxccptiiii' liy their element", hnt arc acinally pro- 
ilnooil in the itcoomposition : in a woril, they are not cilncts hnt iirinlupts 
of ilocmn]m«ition, ami cannot hy any means he ma>h' to nnite wo ai to 
mproilncc the ori;jinal componnif. Moreover, this mmlo of view ailmilM 
of mtmi'roiis liypotliesca re»|ieetinK tlic wamn I'omponml, all I’nnally arhi- 
Irary, uinl eontrilmti’M nothin;;; to a general view of the conslitulinn of 
organic compimnils. 

Tho imiro exuet knowlcilge of the eompositiim nml ilecoinpositinna of 
orgtinio oom]ieiunil«, ahtaiueil hy the lahmira of the nnmt iriBliiifjniHlunl 
clmmiata in rcrenl limes, Iran eaUMsl the ahnve inentioncil vievvM to he for 
tlio most jnirt ahamloneil, ami has Bnlwlitnleii for lliem two impoilanl 
Uioorios, wliicli at pre.scnt may ho waiil to cmilcnil for the vielory, nml 
inoroovcr, liavo receiveil particular nmilifa'nlionN nccuriliny to tlw viewii 
of their iinliviilnal ailliorcals, 

Tho flrst of llit'wo thcoriin i« the /I'm/iVn/.'/'Ar-oy, or 
of llorsolins; llm aacoml, tiro 4V«c/eini-7'/imcy of Iniarenl, w hich, how- 
ever, is iiilimatoly eonnectcil with tlm Tifiir Thmru, or 
Thenrn ui Itamas. 

Tho ok'iiu’iilary aimly.sia of an orjjanic componml gives merely its 
Omde Glmdcol Furmula, nr Fuijiirirul Funnuht, whieli eimply cxprosseM 
tho numbor* of atoms of tlie cimslilnenls. Thici, the emihrieul fornuilii 
at acotlo add dohydralcd as far as pimsilile />rr tr, i* (PI 1*0*. Such a 
formula, howovor, dooa not inform n’> in uJhi/ tmiunrr these 1^ atoms are 
nnitod togelhor. To doaoto tliia iw the ohject of the UutmiMl Formula. 
But os tho aUiniH nro iuvisihle, and eonwiiinenlly their mutual arraiittB- 
niont cannot ho imwlo tho auhjcet of direct oUacrvaliuii, it i» ovidout iftitl 
tho rational formula can only ho Uypulhclically cslahliahed with inoro oi 
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IcMH jii'obaliilit^', from tlu- inoilo ol' formatloii aiul (It'ctiiiijm.sitidU nC ucma 
ai'iil, imd by coiinuu'iii^' lliiit KuliHtuiicc wilb titlu'V (•(imiituiiiilH, Tim 
nitimiiil bu'iimla, lU’cairiliii;' to Ilia railinil tlii'iny, ‘m, c.y., C'lPT 0-bUU, 
i c. (Ixyila of Acatyl witli Wator, acolyl, ('‘II’*, boiiijj tbi'rmlical. Tim 
inu'loiiH lliooiy givi'.s for tlu' rational-foniiiilii, oitlior 
I'blivti'iio (olfiliantgaH) -|- 4 Oxy^'oii. i'tli 3 ’lim(' boiiig llm miolouti,--or (J'll’O, 
J10» {t'ul. 11.!);)). 


A. ll.U)U'Ar,-Titi;ouY, 

Accordiiijf lo lioi'iicliiiH (/’<>'/</. 'lib lib!); nlati Ann. P/itirm. •'ll, 1; 
further Lelirh. Aull. /i, 1, 072), Hio iieiudiar idioiiomoiiu oxliibitod by 
living )dnnla and uninuiln urn due, not In a vital fortu), lU' to miveral uimii 
forces, but to corlaiu oircuiUHtanceH eoiineelful togullior in a immiliar 
manner, under wliicli tlm ordinary forcuH of nature are u.vi'itod to activity 
in organic matter. Ileiico llu> moilt< of condiinulion of tht' elemontH in 
organic coninoundH may bo inferreil from that which eKi^t■l in the inorganic 
kingdom. A« inorganic coi\iitoundH eouKiat of an electro jacdlive ra<lica.l 
united witli oxvgcii or other elcctro negativo boily, c. y., St)‘, lU'l, Ktd, an 
liUinvisi' do organic bodic-; with thin liill'crcnci', Imwever, that the radicahi 
of inorganic, com|'ouiul.s are Hiinple, while tlio.^o of organic ImdicH arti 
<‘om])ounil. Thi.'i is tlm moHl im|iortant of all distinctions beiwcmi organic 
and inorganic eompmunls. Such coiu|iouud radicivls are either connioumbi 
of carbon and hydrogen, an Formyl (tMl; Mi'thyl TI''1F; Ai’olyl (bll’; 
'MthylKstbll", iSic,; or of carbon, hydrogen, and nitrogen, an Indciie . 
(h“)l*Nj or of carbon, hydrogi'U ami arsenic, as (hicodyh- ('*11 "Ah; or of 
cat bon, liydrogeii ami «ul[dmr, Tlnn'o are liieri'fore, binary, ternaiy, ami 
perlmiiM also (pialenury radieal.s to bo dialingniHlied,—All the no called 
clcclrn-negativo bodies, us (), Cl, Hr, I, arc c.'tcluded from the radicals. • 

(Idehig ami W'iihler inclmli'among llm railicals certain o-vidijsiMl h^yilro- 
carbons, as Mensmyl-(bMl'tF, inasmuch us biller almond (dl (''*ll"tl‘, 
may be reganled as hydride of benzoyl "■(b'll'l)’,II, lunl this lAt. II, 
may bo rciiiaci'd by lAt. O, (d, or Hr; but Herzolins n’jeclH tho miii[iosilion 
of oxvfteu oxiating within tlm radical.) 

With tlioflo railicals, which may Im comjnircd with mclalloidal com* 
liounds, HUflh as ammonium, llm electro-ncgntivc elements, oxygen, Mil|dmr, 
chlorine, Iircminc, Sii\, nnito in diH'crcnt mimlmrs of aloin.s, and form 
oxides, acids, uul|diides, hrotnides, chlorides, A'c. The eom|iomnls thus 
formed are cajuihlo of uniting oilher with mm aimilicr oi' with inorgaiiio 
com]iomnls. In imngaaic eimi)Hmmls, mie alma of a radieal ii|i[iears to 
ho callable of uniting witli not nmro tliuu ? At, o.xygeii, f, i/., I’crchlorio 
ac.id=Cl()’; and ihoHimo law a|i|icars to hold good u illi rcgartl to orgaiiio 
(lompuuudM, 

liadicalH cimslstiag of carlnm and hydrogen have mimes ending in y/, 
from I'Xi/, mnUfv; llmso winch eoniniii enrhon and nitrngen generally linvo 
inuncH ending in nn or tinni/m, a.s t'^’anogen; and tlm namea oi tlnwu 
containing earhon, hydrogen ami oxygen, end in me, tt« Imlem'. 

Many oxidoa and acids cunliiin water so intimately emnhim'd, that 
it cannot be Hcimialed from them by heal, in iieidn, this hydiullon- 
water or hie ie water supjdioa Iho jilaeo of a imsi', and i i not gi\ cn oil' idl 
a slrmig salilialdn base, sneh oh {aitash, lead oxide, or silver oxiile, is 
inlrodueed, ami a degree of heat nii(died, varying areording tn llm mitare 
of tlm acid, in which euHe, after tln> water Ims heeii ex|ielled, a eomiiimml 
of the trim aahydrmis acid with ihn base remains bcbiml. Tliu«, llie 

lowest slate of boflcetoin ie \clit,.|i tteitftc eeiil eat, lit, iiltltiiiietl la ftieif 
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glacial acetic acid, CTr^O*;'l>nfc its coniiiciind with pataHh, when tliovimghly 
dj'io(l=Kt),GMPUl Ilciiia) glacial iicctic aciil CdutaiiiH 1 At. Imuin water; 
it i.s a hydrate of acotio acid, and niiiMt lie cxiirchMcil hy the lorinnla 
IIO.C'IFO®. The triio anhydniitH acetic acid i.s thereforei-st'*II'‘l)'', and 
coimints of a radical called Aeelyl, ('*11“, nnitial with .'I At. oxygen. If 
thia acetyl ho denoted liy A<', tlio Hiinilarity hetwi'cn the com|ionnd.>< of an 
orgaiiio and ail inorganic acid liecontc.>< n.[i[iaretit; Dil of vitriol ulit),SO’; 
Acetic, acid~IIO,Acl)’; Sulphato of [lOtaHlu-'. KO,SO'; A<-etato id’ pota.'ih 
=:KO,Ac()''. (Iler/eliuH.) . 

According to tliia tlieory. every organic Iiody ia eithi'ra coinnoiind 
radical, or a conumund of mich a radical with oxygen or other electro- 
negativo element, and fri'(|iiently also witli water. Org.inio clieinistry i« 
tliui'oforo the Jhrlriiif <;/' ('niii/inuiiil Jinilifiits. Tin' radii’iil ia the 
conatant clement in a eeriea of coni|ioundN. In Mich a componml, it iN 
nocea'^ary, on tho one hand, that the radical Ini rcplaceuldo hy other 
hodicM, and, on tho other, that tho eleniont« coiiihined with the radical ho 
ciipahlo of lining exjielled hy a corrcsjiomling luimhor of iilonifi of oilier 
elementa. Tho radioala, for tho niont part, caniiol ho olitained in thn 
soparalo atate, hccauan ihoy readily ilocomiaiM' wlicn acparalod from other 
bodicHj hut iiiiliydroiiH iiilrie aeiil ia iniltnown in the «epani.tn .•.late, and 
yet it.i oxiatoneo ia aaMiiiied.* (Lieldir, Aim, I’lnirm. U'l, «.) Iladical.i aro 
cniiahin of taking mi nioro Ihiiii 7 ntoniM of oxygen ; tliiei Kinio acid 
eontaina II At., and Ulininacid, 7 At. of oxvgcii. (I.ioldg, Ann, J'/inrm, 

iu,nr>.) 

Tho riulieala aro coinpmindH in whicli all the propertioM of tho eleincii- 
tary hodioa are reprodneed, .Several of tlicm, ii« cyanogen, play (he prut 
of chloriiio or oxygen [ISerxcliiiH (l,r/nl>. 1, H7’d) phiccn cyniiogcn ainoiigut 
inorganic componiiilHl; ollicr.i «iich im nicihyl, hciDiiiyl. Nc , ie>teinh|e tlie 
inetala. Jii niincnil climiii«lry, the nnlicaln nre Minplo; in orgnnio 
c.hemiatry, thoy urn c.oiiniound. (Idelng ami Ihiiniw, /ir, ('hrm, Id, 
2tl«.) 

TTio majority of chemialH arc in fiivoiir of tlin radical theory. I.iehig 
ndopta it in Ida worka, with cerluin modilicationn, hut novcrlliidcftii regards 
the aa.*mmptlini of the miliHtitiitioii of chlorino for hydrogen an admifiBihle, 
tliorehy dc[mrting fi'oin tho rigid electro ■cheiiiiciil tlieory of radicals, 

Tho admiasiou of tbia tlieory i« allendcil with the fotUiwingdiHicuUies:~ 

Tho doctrino of eompouml nwliciila, if eon*i»lently followed out, a« ia 
dotio hy llcnsoliim {Lchbv. And. 5. 1, fl2;i-lltitl), plBiH'* nniny acids of 
olivimisly organic diameter in tho li»t of itiorgjuiie acid*. TTitia oxalie 
acid, dried per me, him tho romjionition (ITK)'; Imt ihiw roinpimnd i'< »up- 
posed to eontiiin llIO, which iHgi\en oil' when the acid comhincB with 
I’liO nmlcr tho iiilliienc-o of lieat; there then rcnmiiiH tho eompouml 
CThO«, or, iiceoriling to Herwdini', ITiO.t'd)’; i.c., a cimiponiid of lead- 
oxido with an oxalic, acid deprived of its himie wafer,—a eompouml not 
known in llm acjiunilo etule, iiml having merely a hypothclicai exinleueo, 
(Aoidii MippoH-d to exist ill such a eiato will ho called, in this llaml lKwk, 
hypoiheikalli/ anhi/i/nnia acUU.) Since now, according to llii« view, the 
true oxalic add i« G*U’, it ia a eompouml of oxygen, not with a eompouml 
hut with a simple radical, (S, nml eom.ei|ueiitly heloiiga to tho claw of 
inorganic acids. It iiiusit therefore lake ita place among the oxvgen- 
compoumla of carhon, between curlioiiic oxide and carlKinie 'iwid, 
CO, G’O®, CO®, corresponding to llm axidca of niangniiPBe, for example, 

♦ Hespcctiiiff Hnliydroti* nltrio add, aW. 11., 3Sl0i on tb« oihw Iwud, th# number of 
organic rndlcnl* known to exist in a separate state ta oonUnottlly inmwflng. [W.] 
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MuO, Mn'^O^ MuO^. Noiv tliere is no known example of a compound of 
any substance witli a smaller quantity of oxygen, forming' a stronger 
acid than a compound of the same substance with a larger qiuintity of 
oxygen. But oxalic acid is one of the strongest of known acids, and 
carbonic acid one of tho weakest!—For the same reason, Berzelius has 
included among inorganio acids, the chloracetic, mellitic, mesoxalic, croconio 
and rhodizonic acids; which, when dried per se, are composed of C'^HCPO^; 
C'‘HO*; C^HO°; C'HO®; C’HO’;—but in the hypothetically anhydrous 
state have the forniuko: C'‘CPO“; CW; C“0'‘; C'®0‘; and C’C®. These 
acids likewise contain less oxygen than carbonic acid, and some of them 
less oven than carbonic oxide; but nevertheless they are stronger acids 
than carbonic acid. Lastly, chloracetic acid bears the most intimate 
relation to acetic acid, C''I'FO^ Acetic acid is converted by chlorine into 
chloracetic acid, and the latter is reconverted into acetic acid by the 
action of potassium and water. The two acids resemble one another 
most closely, both in themselves and in their salts. Chloracetic acid 
forms with silver-oxide a soluble salt, without any precipitation of 
chloride of silver; whereas chlorine, in all the inorganic compounds in 
which it forms the electro-negative element, yields with silver-solutions a 
precipitate of chloride of silver. 

Liiwig {Cheniic der org. Yevhindtingen, Anfl. 2. B. 1, 18) endeavours 
to remove this difficulty by assuming the existence of singular radicals 
in certain compounds, in addition to tho ordinary binary, ternary, and 
quaternary radicals. In those singular radicals, two or more atoms of 
carbon are united into a compound atom. Hypothetically anhydrous 
oxalio acid, C“0^, is formed by the union of a compound radical, Oxatyl, 
C^, consisting of two simple atoms of c.avbon, with 3 At. oxygen. Hence 
oxalic acid, C'^0’, boars to carbonic acid, CO^, not tho relation which 
hyposulphuric acid, S'^O®, boars to sulphuric acid, SO®, but that which 
sulphuric acid, SO®, bears to sulphurous acid, SO®; for tlio two atoms of 
carbon, wliich iu tlio oxalio acid arc combined with tho oxygen, must bo 
regarded as an indivisible and quasi-simple atom, whereas in hyposul- 
phuric acid, the two atoms of sulphur must be supposed to be separate. 
For this assumption there is no foundation whatever; for oxalio acid is 
resolved into CO and CO® as easily as hyposulphuric acid into SO® and 
SO®; tho inseparability of tho carbon-atoms is by no means apparent. 
Wo might, indeed, with equal reason, regard S®0®, Fo®0®, &e., as org.anic 
compounds. The part of this view which is probably correct, but which 
is not further noticed by Liiwig, consists in this,—that in oxalic acid, and 
the other acids just nioutioued, carbon forms the radical, and ontors with 
more than ono atom. But instead of assuming that these several atoms 
of carbon unite (by cohesion) into a compound atom, it is perhaps better 
to suppose that tho carbon-atoms have, by virtue of their affinity, so dis¬ 
posed themselves among tho other atoms of tho organic compound, that 
tho heterogeneous atoms touch ono another iu as many points as possible. 
But this view is not consistent with the radical-theory. 

In tho binary theory, there are two kinds of radicals to bo distin¬ 
guished. 

1. A few, such as cyanogen, C®N, sulpho-cyanogon, C®NS®, mollon, 
C“N*, &c., must bo regarded as compound salt-radicals, which in their 
various relations, resemble chlorine, and like that body, form compounds 
with hydrogen, metals, &c. They are classed among organic compounds, 
not, indeed, by Berzelius, but by most of the advocates of the binary 
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thoovy; mul iuiiamucli as inoKt of llioiu liiivo buoii citit;unc:(l in llio 
Htate, tiioir (ixintoiico in nmliMiialili'. 

2 . Tho otlicr riuliciilH, umuuiitiuK *<' li'iiulrcilH, iiisiy lui 
as CDiniKiiiiiil iiustalH aiialoK*""^ ammoniiiiii, aii<l, liko [liat snlistatu'c, 
fornii oxiiloH with a wiiait ijiaiiitity of oxygon, aciils a'iili a liu'ffia' <|iiaii- 
tity, clilovidcH with rlilonuo, Sic. Of tlioso nnliciiK tlio only ono which 
is known in tlm sc[ianiti' state, is (‘acoilyl, all iho rent have a 

merely hyiiotiicticnl cxislciicc, and ihcid is no known nictlioil of si'jiaraliiij' 
them from (heir componmls;'' in all the reaetioim to \eliich tiic.tc' com- 
))omuls lire Mihject('i|,woolitain other procItictH, hat not tin' tliadrcil radical^. 
This circumstimeo is UMTihed to tlu' facility n ilh which theeo radicalH 
ilecomjioso wlnm in the sejiarato state; Imt we slioahl scarc-cly esjiect to 
tind this (UMV decom|iosihiiity in comnoiindw of so sinijde a character aa 
CHI, (Pli'i C'll, ('‘Ik', (i'Jl*, I'xc-. Indei'd, \rc iire accjiniinlcd with many 
(dher componmlH of carhoii Mini liydrof;cn, which cve-t in the scjiarato 
state, and are hy no inoutiH prom' to dccoinpoMition, snidi, for instance, as 
cm\ C‘H>, cn*. (k-TI*. 0"1l'“. c:-“ir;, .y. _ llnl not onn 
of tlicso compounds, all of which are capaldo of existin/f in tho nnconi« 
hined state, is a radical; for they all contain eren nninhers of atoniH, ami, 
aocordinp; to tho ladical-flicory, must he rc^jarded as comjionnds of I At, II 
with a radical, such ns 0‘IP,_ 0‘ll->, (•'’Ik', (.'“IP, CMP', O-"!!*', Xr.. 

Tlie supposed radicals coulain uneven niimhcrs of iitoms;and this is (ho 
roasaii, not that they aro so easily decomposed and etinnoi he (rhiained in 
tho separate state, l/iil that the ^fiealer nundicr nf ihein have really no 
exifltaneo, Tho development nf ihti comilitutioii of orpinic coinpoiindH 
I'rum such radicals is therefore it pure llction, wlicrchy the simple iiuiiio* 
rical I'clatioiis pre. eiilcd hy nature, are iniiiecessarily complicated, 

If ctlior, ((‘IP't), he repirded us oxide of elhvl flP I 0, and hydrti« 
ehkirie ether, ('‘IPCI, us cliloride of ethyl CiP ( (‘1, then the catiiplinr* 
like eonipound wldili oil of inrpeiiiine”, (‘‘"IP", forms nith hydroeliloi-ic 
acid, must also ho reifarded as a comjiomnl of the radiejd {’“'IP* with 
chloriiio (P'iP’t'l (or II’, f/m.). Simihirly with oil of 

lemons, Ac,—proilncin;', in fuel, very cnmplienlcd nnmericiil reluiioim, 

Tlieso chlorine compoiindH sloiiild ho annliiftons to llie incinllio 
cldorides; Inil the true niclullic ridoridcs. its well as cliloride of aniiiio- 
iiiuiii = NIP,fd, imniodiiitely tlirow don ii cliloiide of silvor from a 
solution of Ihiit metal; while, mi the other hand, ilioso compoumh whicli, 
ill tlio binary tliooiy, are rrpnnlnil u» roinpmmds of chlorine with or^'iinift 
radicals, do not iirecipilalo silver-solutions, »i» Imi;; they renmin nnde- 
eompofiod; the eldoriiio iiiii4 therefore )ai emitttincsl in iheiii in a totally 
diiroreiit iimiitier, 

Mven if or^ifiinic rompoiiiulH nro to he re^f.artlcd «« iinnlofjoos to 
inoryanic compounds, lliero is, at nil events, no ncci'wiiy for (diteing 
eliloi'ino oiitsiile the radical, merely lieeanse it is roganled nu more elcctro- 
negiitivo; for, in ehlorio acid and the oilier osygen-acids of chlorine, ii 
nclmilly plays the purl of a riidieiil. Himihirly ivitli hromine, ioetine. and 
suljdiiir. 'Iho Mippositimi of HerzeliuM that chlorine always exf«>l<i in 
UiesB eonipouiids outside ilm ladicnl, leinls, in umny cant s, to the n*siitnp- 
tion of very compliraled foiiiiiilie. Moreover, comitmimls uhich re»emlde 
onch other vory closely are, by tlio same llietiry, placid very wide apait. 
Thus ollnir, G 11*0, belongs, im llie oxide of eibyl, to tho elhyPrericsj 

* Therriniit clisenvery cif stlUctliyl, mil.nwii.j!, &c., hy Isiwig & Hihwcitacr, ami 
llin isalatlan nf die nlcoliol.nuli(>«l* by I-Vatikiaml Si Kollm, atTard a wmclfnt Mtawrr 
to tliia atateinent, and to die ohjeedons foumlcd ilirreofl, (VV,] 



iiml by tlio Hnoopwiivn action of oblorino, it may bu convoiii'il into 
C'lPOiO, C'lPCl’O, ami C‘('l“(). Tlio Bocoml of iIu'm* foiniummlH in 
rogaril(Ml by IlorzoliiiM aa a pomiuinml of 1 At. of hyiiotliotically aiilivdi'oiiH 
acotic acitl with I At. of jun'i'nloriilo of acolyl: 

2(C‘IP(.U'). On (b(^ eom)ioHilion of tlio Hccoml ami lltinl ooiiiiammlf, 
Dorzoliiin lais givon no tijiinion; llm luat =?= C'Cl^O, alionlil, acroriliiig to 
tlu! in'inciiiloH of lliu binary Ibuoiy, bo ola‘‘.so(l among imirganio roin- 
pmimla, 

AVitb rosimct to tbo organio ac'iil.a, (ho numbor of wbicli amounl.'i to 
Noino linmlroiln, tbo binary tboory in compolli'il to aHstiino two jiartionlar 
kimla of liy|iolbolioal <'om]ionmlH. I'kir Hinro, aororiling to tbit tboory, 
an acid, when jiorfoctly ilriml /lor «<•, atilt ristaina a nninlicr of atoini of 
inlimtUoly coinbinutl water oijiial to tbo nnmbor of atoma of baio wliicb 
it takcH np to form a normal aalt (ho that a mmiobaHic aciit oontaiim I At, 
baaio water, a bibaaio acid li At , &o.), it followa tbal, boaidoa tlio acid in 
itH actnally drioat atati', (boro miiMt. liki wi::o ovinl, a liypoibolically 
anhydrmiH acid, and tbia again (•onHi:.lH id' a byiiolboliiMl r.idioiil nuitoil 
witfi oxygon. Tlinn, accoriling to (bo binary tboory, aootio noid, wbon 
dobydratod aa far loi jnooiildo,-* (IMl‘()' , lj(),t'.‘ll'*{)'; and tbifi by|io- 
tbotii'iilly luibydroiiM acid, t'.‘II't)‘, wbiob cannot by any known |irococ>(, 
bo obtained in tbo no|iarato alato, i.i itnolf coiiipo'ioil of acetyl, Ctl', wbicb 
likowiao wo aro nnablo to prepare in tbo free Hiale, amt .'( atoimi of 
oxygen.®' 

taimilar obaervatioiiM uiiply to tlio greater nnmbcr of organic aeidM. 

It irt indeed alleged tbatroim' at leant of iboMi acide, vie. ibe maleic, 
fumaric, lactic, tartiirle, Hiiccinic, pbibidic, and campboric acid", may 
actnally bo obtained in (lie wlate to wbicb tbo ti'cm /i(//mMf7icii//y nn/n/' 
dvnux iH abovo applied, Hut it may bo nbown (bat tliciie componmln, 
tbongb tbey certainly bavo tbo compoaitioii of tbe bypotlietically nnby • 
drmiK acidn, aro in reality not aciiU at all, and eiin only be broiigbt back 
to tbo HtiUu of aoidu by tbo long eontiimed iieiimi of wnter, 

TIiiiH, lactic acid dried at lOtl when combined with oxldo 

of load and dried, it yiolila a muII, w1io«o com|ionition, nceording to llm 
binary tlicory, ia cxpreHned by I’bO.ft'IlH)®; lienee, CllH)* is liypo- 
tliotically anbydrouM Inctio aeid. If now Inctiu acid bn heated alonn in a 
retort to liK)', aa long m >yutor coiilinnes to go tdf, there remainiN a pule 
yollo>y, fiolid, ea«ily fuHiblo remdiie, wbitdi in tbo bypotbcliciilly lUiby' 
drmifl iuMd=^(;‘'U"{)", 'riiin eubhliince, Ioiwcvit, Iiiin an exlremelv bitter 
tiiHLn (ibiit of lactic acid in purely amt elroiigly Miiur) ; it ijulte imio. 
lublo in water (lactic, acid in very wdiilde), but dlieiolvcft readily lu alcidiol 
and otlicr, lly long rmUacl or by boiling with water, and likewifte liy 
tbe action of a((iieon>( alkaliH, tbiM Hiilmlnnce Im di'O'idved ami leconverleil 
into ordinary liietin acid. Similar diUcreiiceii, ho far ar tbe matt<«r bni 
yot boon tsxamincd, aro exhibited by llm re«t of tbo above inenlioned 
acids in tlii« peculiar Htate, produced by elrongly lieating llm fixed tmldM 
alone, or tlm volatile acids with plmsplmrio acid ; benen I.aurmit no 
longer regards tbom nw nciilM, Iml iliHtingniHbcH tbcm by lb(< name of 
An/ii/dridr^. When tbo laetio niibydrido, 0*11*0®, wbicb remiiinit in tlm 
retort, Ih lieatod to K.K)', itgivcH oft' a fiirtbcr oiinnlity of wnfi-r, and ii 
converted into LnciUk, C*I1‘0‘, a noutral, ru.iible’cumpoimd, wliicb 
volatili7.CH wdtliont deconijioMilion, m at (Irel but Hligliily Milnlde in Iml 
water, ami partly cryHtallir.cH out unaltered on cooling' Imi wlmn «uti» 

* Aiiliydrons iiccdc nciil unit likrwlun niiliyilrniiH licir/ni,, unit cuinini.' ncltl« Iwm 
lately been abtiiincd liy (Iriliiiiilt {C/ifm. Sue, Hit. J. Igy, rjyr,), [\v, j 
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jeototl to tlio action of water for a lonj;or tiino, ia rooouvortoii into onli- 
iiary lactio aoid. IIoiico, iioconiiii;! to tiio liinary tlioory, if ('onaiMtt'iitly 
carrioil out, it would follow that lactio aciil formod at 10t)“ ia a coinitouud 
of 1 At. lactido, witli 2lU). its formula liciiiK 1 2 A(|. Hut tliia 

coneluHioii in ojuioHcd to ihu fact, that lactato ol zinc- Xn(),(-''n*()°, 
/fivoN off no iiioro water, oven at 25(1Hinco then, according,'’ to tlm 
liy[iotli(!niM of llio railieiil llieorv, lactido docH not iiro-oxiHt in lucaiu acid, 
hut in ]irodu('c.d wlu'ii 211 and 20 contained in it, unite in the form of 
water anil cncaiie, it may in tlio wune manner ho nmintained, (liat the 
hypothi'tieally anhydroiiH lactio aoiil, (!“I1*()’, docM not pre exiat in the 
acid t;*!!"!)", hut in jiroducod when ill and iO unito and form waiur. 
In both caHCH, in Hhort, tho water ia not an oduct hut a jirmlunt; and 
when tlicse hodicM, hy contact with water, are gradually reconverted into 
tho aoid, (t''Jl*()“, they do nut take up ihu water an a whole, hut tlie 
olomouts of water," 


n. N tlOLBOS-TIt Konv. 

Oay-LuBsao found that wax, whtm treated with olilorino giw, takofl 
up a niimhor of uieaHiiros of that gun etjual to tho numlior of moasuroM of 
hydrogoii whieh aro taken; from it hy ;iuother jiortioii of tho ehiorine, 
l);imnfl nflorwarila ohservod tlm anmo plmiionmnon in oil of turpentine ; 
and aa ti conaeommeo of thia and other inveatigiitioiia, In' lirat developed, 
in 183‘t, hia theory of i^ahslUiition, whieh, after nmtergoing miineroua 
altortitionH in tho further [irog;'oaH of hia reaoarchoa, led j;iut, iu IH'IO, to 
tho 7 ’/<(o/7/ (if Ti/pi-a, On thia theory ho aayu, in iH'ld {Ann, (‘him. 
L’hiji, 73, 711) 1 CoinponndH aro to 1 h> regarded iia phinelary ay.atem« in 
which tho aloina ;iru held together hy alliiiily, If ;in ;;lom of one auh* 
ataiieo is reph(eed hy an atom of another, the ayalem reinainu tho Bnme, 
In anch elmng;', ti aimjilo ;itom may ho lu'idiieed liy a eomponnd atom, 
Avilhout ;iny alteration of tlm gom'ral eonalilnlion. If llie anhatiintion 
takes placo in cupial nuinhm'aof tiloma, and the eontlgnration of the tilnmi 
retimliiH niiaitered, the new eom|>oii;i<l lielouga to ilio auiiio type nn tho 
old. Tima, neelic acid, ('‘H‘0*. unit chhiiweelie arid, ('*lt('t'"0*, hehiiig 
to tho siniie type, Ac. In iH.'f.'i, and the fnlhiwitn; yeiiiu, Iiiinrent, in 
tho course of liia inveatigntiima. (ii>t of iiupllmline, then nf idetiant gtw 
(in omiiunetion with llegimiilt), and of iiiimeroiiH other conipoiinda, dis- 
covered a variety of products, in which tho hydrogen was repliu-eil tiy 
an cental nninhor of atoms of chlorino nr tiroinine. lie ihewetiy con- 
flrtneo and developed tho theory of anlmtiteition, mid, in IHfiT, llr«t put 
forth, in a diwiertation, hia llieory of nuclei, which he afierwiirils more 
oompletcly developed, in tlm following form: Imtighm a right nixlecn- 
sided priam, and in eaeh anglo 1 At. (!, imiking in nil 112 .'Vt t‘; in the 
middle, lietweoii eaeh two angles, I At. H. making together 32 At. 11.; 
and lastly, oa eaeh liaNo of ilm priani, 1 At, III), forming pyrrtniids. 
Tliua tlio compound the same nmnin'r a,t cryaUilii 

* Tl>« fthuve oli«('rvittii,n» l'l••],l‘l•tillg tlic itifiemice iif priijirrlifs lietwri n tlirwi.eallwl 
snltydroiis urpiiia ncliU uitil llir liyilntleil neitl«. allli n|Unl tnrie Ui tlie hm.i-aIIciI 
ftnliytlraUB hiarprilc acids. Tlie ri>iii|ioiiiid mp, (nr ft,o(i|,|r, is ik.c »■, htul m Uw 
Itrict aenm of tlw wont, but lx eoiociint tnlo no m id l,y llir arli.iit of ; mnt i|i« 
formula HO,CMl®0* for bytliTslal aeehe Brut u iteiilmr iiiorr nor lr«» <ili|ri tioimlil,- dian 
t)i8 formula 1 10, SO* for oil nf vitriol. In bnib *»se», a it l«-*i (/> regcinl ilm snbydnnet 
rainpcumd, not na nn add, i,ut w a i)tuilu<.t of ttrcooipuiotiMU of an mid, (lid. 
Oy{/iin(r AM.) [W.] 
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may be cleft mechauically, and tlie primary nucleus separated from 
the secondary envelope, so likewise may a chemical separation be made. 
After the removal of the two pyramids HO, there remains the primitive 
form [the Germ or Nucleus\. Cl or 0 acting on this 2 >rimitivo form 
■withdraws the H; the prism would then fall to pieces, if the atoms 
of H were not replaced by atoms of Cl or 0. The HCl or HO may 
either pass off, or form pyramids on the prism, which, however, may 
be removed by chemical division, e. (/., by the action of potash, &c. 
Further than this, Laurent has, so far as my knowledge goes, made no 
attempt to assign definite figures to particular compounds. Gerhardt, 
who for the most part adopts the views of Laurent, has, ueverthele.ss, 
coiLsidorably extended them. 

a. JDumas' Theory of Substitution and of Types. 

Substitution.- — 1 . One constituent of an organic compound may ho 
partially withdrawn, without the substitution of another in its place, the 
compound being thereby transformed into another belonging to a different 
type. (Indigo-white, C'lHNO®, gives up 1 At. hydrogen to the oxygen 
of the air, and is thereby converted into indigo-blue.) 

2. In most cases, however, the abstracted elomont is replaced by an 
equal number of atoms of the acting substance: a substitution is effected. 
Not only may liydrogou bo replaced by substitution, but likewise oxygon, 
nitrogen, and all other elements, oven carbon. (J. pr. Chem. 20, 281.) 
[The assertion that carbon may be removed by substitution must 1)0 emphatically 
contradicted.] In a similar mauncr also, the atoms of an elomont may bo 
replaced by an equal number of atoms of a compound. 

3. In other cases, again, tho atoms of one sub.stanco are replaced by 
more than an equal number of atoms of another. Thus C^IH is con¬ 
verted by excess of chlorine, aided by sunshine, into C'‘Cl°=C'‘Cl'‘-t-CF. 

[For furtlicr observations on substitution, vid. jDecomposiiioii of Organic Compounds, 
pp. 71—70.] 

Types. —Compounds containing equal numbers of atoms in the same 
relative position, and possessing tho same fundamental properties, belong 
to the same Chemical Type. Hence, in such substitutions as those described 
in (2), a compound is transformed into another of the same chemical 
type. For an organic compound may bo compared to a building; if tho 
spaces left by withdrawing the atoms of one substance arc filled up by 
those of another, the building retains its form; in tho conti’ary case, it 
loses its form or falls to incccs. To the same chemical type belong Acetic 
acid, CWO‘, and Chloraoetic acid, C‘HCTO*; further: Aldohydo, C'‘1T‘0“, 
and Chloral, C‘HCFO^ [and Chloraldchydo, C'*C1''0“]; further: Chloro¬ 
form, CHICP; Broinoforin, C“HBr’; Iodoform, G*HP; and Marsh-gas, 
CTH; further: Olefiant gas. O'*LH, and the i)roducts obtained therefrom 
by chlorine, viz. GTPCl; C^H’CF; C'HCF, and C'CP 

Compounds belonging to tho same type exhibit their agreement in 
fundamental properties, principally by yielding analogous products of 
decomposition. Acetic acid, GHPO*, heated with excess of fixed alkali, 
is resolved into 2CO“ and marsh-g/is CHP; chloracotic acid, when merely 
boiled with excess of aqueous potash, likewise yields 2CO^, and chloro¬ 
form, C“HCB, which belongs to tho same type as marsh-gns,—whence 
also, marsh-gas, when treated with chlorine, yield.s hydrochloric acid, and 
is converted, first into chloroform, and then into C^Clh 

If two compounds, ono of which can be formed from the other by 
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siibiititiitioii, contain equal uiiinborH of (itoiiiN Hiiuilai'ly iinitoil, but aro 
nossosHcil of fitnbiugly diiroruiit flK'Uiical jn'oiioi’ticH { 0110 , foi' oxampli', 
being acid, wliilo tliu other iu iiontral or biwic), tliuy can no longor bo 
regarded uh belonging to tiio mine cdioinioal tyiie, Imt may novortlitdotfrt 
bo inolndc'd in the naine Difc/utuiiuti orvinh'CHlui' (j/pi" ; they tiiereforo Htili 
couHtitnln a mUnral fainily,—Thim: Wood-spirit, (Vd[<()'‘, and forinio 
acid, C'H-()‘; alcohol, and aeotic. acid, ether, CITO, 

and aldehyde, (PIIH)’, &c. 

[IJiiina.H' lypoH form llu) uiembers of wliich each parlicnlar norles in 
Lanront's nncloo.s-tlioory i« coiiiposeil.] 


IT (hnueclion hdwtvn the Jhiilkiil-then)';/ and the Thnii'i/ aj Ti/pi'e and 

iStdiHliit(li<iii, 


Tho diicti'inQ of tvpcB anil HuliHtitution Iiuh geiiorally heen regarded 
aa oppoHod to the radieal-lhoory, and was at lirat onronnierod with Hlrong 
ojipoaition hy tho ohlof mipportorH of tho latter. In fact, most cheinisiM 
who have adopted tho radical-theory have imod it alriclly in tho iiiannnr 
in whioli it waH first projiosed by Ilorzoliim (vldo p. !)), rejecting, or at 
loaHt ignoring, tho doeti'ino of clicinieal tyiie». f)n Ihn other hanti, 
haurent & (ioidiardt, to ndumi wo itro indehted for llio inoat cointdtdn 
development of tho theory of typea and anliMtitution, have iihvayM heim 
the most determined oniionontM of the radical-theory, ileecnt invi'Ntiga- 
tions, however, have Hhown that the idea of lypea is ipiite as consiHleiit 
with the theory of radicals hk with the nnelens-lheory; and (lerlmrdt 
himHclf, in his recent paper ‘'On the Oonstilntion of Organie Acids," 
{('hm. Hoc, Qii. ./. f), l‘27,j lias ndejiled, williont reservation, tlio formnlin 
of llio railieal-theory. 

Tho eoimection lietwoen the ntdiea! and ty|ie tlieorieh is strilcitigly 
oxliihitod liy the suhstitiilioii of the alcehid radical.i, metliyl, ethyl. 
&o., for liydregen, in tlie eomponud iimmenimi discovered liy W'lirtai and 
irefinann, and in tlie eompoiuid others diseovered hy ItUlliamson. 

1. In ISIS, \\''nrl/, discovered tli.il wlien the cyan.lies of methyl, 
etliyl, and amyl are aeled ujinn hy eaio.lie poiasli, volatile alkaline jiro. 
ducts are fonned, strongly lesemlilii.g aiiimooin in odour and oilier |dty 
sicnl elmracters, Inil dill'ering from it hy eonlaiiiiiig tlie oleinonfs of 
methyl, etliyl, and amyl, in iduce of I nlom of hydrogen; ihe-e Imdies 
are respectively 

MclliylmiiitK! -a I H j. N? , C.'UPN 

1 t-’ll' I 


I'Uliyhiiitiae / H 1 n t<ll.',\' 

1 f.'llrl 

( ” I 

Antylsmiae | It / N C;"'n''N 

IC'-lIeJ 


More recently Hofmann has shown llmt, hy tlie action of the liromides 
and iodidoa of the alcohol ladiciil) on ammonia and luiiliiu'(wInch may 
ho regarded m phnii/liDiiinr (ll,ll,(‘’di’).N', one, inn, three, niid even 
four atoms of hydrogen may he n-phn-e.l hy the alcohol rndienln, the lir .l 
lliroo auhatitutions yielding volatile ha i-« ainilogonsi Ut nnnnonin, mid the 
fourth producing compound mt<liii« ttiialogoiis (n arritiiotiitiiii. These In»f 
moiitioned coiii]Kiiinds, like aninionium itself, have not actiiniiv heui 
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isolated j but in tlio state of hydratoJ oxides, tlioy form solid compounds 
rosombling tho hydrates of potash and sodn, and yield solutions liaviii,'' 
a strong allcalino and corrosive action, and capaLlo of saiionifying fats 
liko tho fixed alkalis. Thoso several coin])ounds, of wlntdi ammonia 
I-PN, and hydrated oxide of ammonium II'NO, IIO, are tho typos, may 
bo rojircsonted by tho following general formula), in which the loiters 
V, X, y, z, denote tho radicals ethyl, methyl, &o, 

Anililogcn-1ii\«Cii. I»iiiliigri|.|jni09. Nitrile-lmBC*. 

(II,U,X)N (1I,X,Y)N (X,Y,/.)N 

lliisca niuiliigoiia In Oviiln nf Aiiimnniiim. 

(V,X,Y,Z)NO,lIO 

The following are a few examples i* Mothylothylamino=(II,Mo,Hl)Nj 
Diothylamino (ir,EP)Nj M(>thylophonylamine”(Mo,Kt,l’li)N; Diothylo- 
phonylamino=(]?P,rh)N; Triethylamino=]CL’'N; Totrothyliiim = Et''Nj 
Methylothylamylophonyliuin = (Mo,Kt,Am,l’li)N, 

The view thus given of tho constitiition of thoso liases is porfootly 
consistent with tho known analogies of idiomical eomiiounds. Tho 
alcohol-radicals are now proved, by tho researclios of J''rankland and 
Kolbo, to ho really existing sulmtauees; and we furlhev know that they 
are analogoiia in many respects to hydrogen {vid. Jlm/itd-riidlfidu), In 
acoordanco with this analogy, wo find thorn taking the jdaee of hydrogen 
in ammonia, and jirodiicing c.omponndH which bear the strongest ri'Hum- 
bianco to that body in volatility, alkaline reaction, i‘l:e. Tlio eoinposilion 
of tlioso bases may, of courso, bo rojiresentod in viirimis other ways (idil, 
AlhalouU)', hut tlio view just given afi'ords at least a sntisfnetory iioconnt 
of their formatimi and properties, and may servo to show that the idea of 
radicals is by no moans incoiiHistoiit willi tlio doctrine of elieinical types, 

2. A further illustration of tlui connection hotweeii types and nvdicals 
may bo found in tho rocoiit investigations of Williamson and (lerhardt, 
—Adopting Gerhardt’s c.ipiivalonls (page 27), wo may eonsidor wator, 
IPO, as tho typo of all tho most important chomical conipomids, aloohols, 
othors, salts, aoids, &c. Tho snbstitntion of oiio_ atom of a metal for 
1 at. hydrogen in tliis typo, gives tho hydrated oxido of that metal, and 
tho roplaoomont of both atoms of hydrogen by tho motal forms tho niihy- 

droiis oxide j c. y., hydrate of petash = anliydreiis potasli; ji 0. 

,Similarly, an alcoluil is water in which I At. 11 is replaced hyn, eonipoiind 
riulioal, such us motliyl, otliyl, ikc.; and an ether is water with liotli atoiiis 

of hydrogen thus replaced; thus, cemmeu aleuhol r . jj (I; eoiiimon 

paTTfi 

other = Q 3 j|sO. Tho two atoms of liydrogoii may also bo roplacuul by 

difi'eront compound radicals, tlio prodiiets being the conipoimd othors 
discovered by Williamson, vix. 

« c»n«Oi ‘(jllp.o ^ ciwoi ciH'»o. 

Tlio mode of formation of thoso Inat-montionod cnniponiidH jiudifioH tlio 
viow horc taken nf tho constilution of alooliols and etliers. When 
alcohol—which may bo regarded ns an acid (ethylio aeiil), I’oiitiuiiiiig 
1 At. of basic hydrogen replaceable by a metal—is acted upon by potuH- 

» OTP « Mo; C'lP « El; C'»n" -.i Am; cnP « fli. 

vor., vir. c 
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IS 

slum, 1 At, H oscapoH, aiul 1 At. K takes its place, yioltliog iiotassiinii- 

^ r^ajTA 

alcoliol or otliylato of potassium 0. Now wliou tlii.s eonipoutul la 

troatod with iodido of inothyl, CIPI, llio potassium of tlio ui>o 

and tlvo mothyl of tlio other change plucos, and wo got KI ami 

Tlio other compound othi'ra aro formed iit a similar niamior. 

A like view may bo given of tho constitution of organic acids ; thus 

tho substitution of 1 At. honzoyl, C’lPO for H in the formula Kiven 
liydratod bonzoio acid^ J||o=C’II“0^ and tliu Kidistitulitiu of t! At. 

benzoyl gives anhydroiw heuzoioacid «>r honzoio anhydride, ’ 

QijppoQs^ tho compound which Gorlmrdl lias liitidy olitaiiied Iiy the nelion 
of chloride of benzoyl on bonzoato of soda [via, Orijunw in'Ug), [For 
further dovolopinonts of thoso views, oid. C/irm. Soc, Qu. ./. ;i5tl.| —-To 

aooommoclato this theory to tho atomic weights mloptcil in tin* prcMUd 
work, wo must ooiisidor tho sovoml oompouuda us formed niiou liie typo 

Pin* f!Ut» 

of 2 At. water, IPO’; c, f/,, nloohol=: jj O’, other Id'*, Ac, 


h. ha limit's N^ucletis-l/isori/, 

Tho atoms of organic coiupouuds aro citlior A’/adct {Kei-itr, 
or compounds of those nuclei with various substaucos attiudiud to tlietii 
oxtoriially. [Lmucut frwuumlly dfiiiHimtos tho imiilel by tliu term littdictili, but tlici 
iilipclliitiou liiia a ti'ailoiicy to ooefomul Cliuin with tlio rudicnla of tint itlmvii.itipiilitiiifil 
raiHcal-theori/y from wliioli, in ronlity, tlioy ditlbr very iimlorltiUy. The fortner eutvldn 
uvflii, tho luttur umtvcii mimlKtrs of ntiims.3 

Tlio uumbor of oarbou-atoms in the nucleus is always oven; so 
likewise is that of tbo otbor atoms, and cousoquontly nf the whole 
collootion of atoms composing tho nuclous. [Sm-h i« tlio low nivmdlug m tlm 
ntomiu weights adopted in this Umid-boolc; Imt ns T.aiinmt iiinUns the iiloiiile wriKhtt 
of carbon and hydrogen only linlf ns great, tho mimlier tif atimia of enrli of tliiw rlemrlits 
in the nuelcua must, neeordlng to Itis theory, tie divtsilile liy I.] 

Tbo number of oarbou-atouiH in the nuclous liours a Himjdii rcbitiou t«i 
that of tho otbor atoms; c, </., 2:2; 4:4; H:H; ;i2:.'12; (1:4; Iditi; 12;»: 
14:6; 18:8, &o, Loss simple relations arc of rare ocourrtuuu'. 

If tbo nucloi contain nothing but hydrogen in addition to tlie curlmu, 
thoy aro callocl Nuclei {Utimmkei'ne, Noyniw. fhnitummintir, 

liudicaux fondcmmlaux). —liut if one, or several, or all of the hydrugeii 
atoms of tho nuclous aro roplacod by atoms of other olomoiitw, nr of eeriniii 
compounds, organic or inorganic, which take the sumo [ilaco iit tlie niicieiis 
that tho hydrogon-atoms originally oociipiod, llio compmind nUutm thus 
formod aro callod .Derivative or ^Secondary Nnctei [nhye/eiMe Kerne, 
Noyaux deriviis, liudicaux denvh). Hence, in the tlumry of inicbi, 
importance is attached to tho niUuro of tho olomoiits tlian in llm ntdhnl 
theory, and more to tboir eon figuration. 

The elements wliiidi usually rojiluce tho hydrogon in Lli(» iiuclmi*< tiro 
I, Br, Cl, 0, N, and tho motals, (With regard to uitrogeii, it mu*il be 
observed, that Laurent assigns to it two diifermit afomio weighlx; An 
in Laurent’s systom=^ N of this Ihiml-hook—Tj and N in Laurcut’^ 
systom=i N of tins Hand-hook-t= bf*). 

When tho hydrogen of a mioleus is roplacod by a coniinnind, 


atom of liyurogon i« rcplaeod by oiio atom of tbo oomiiouiul. [It iiooil 
not oxcito astonislimbiit, that tlio sjiaco originally. o(a;u]iii!(l by 1 At. 
liyclrogon may aflbril room, not only for an atom of chlovini', tho weight 
of which is 36 timoa as great, but oven for tho 5 atoms of hynimitrlo 
acid, NO^, whoso weight is 4(i times as groat as that of the hydrogen ; 
for in no componnd are tho atom.s in imiiiodiato eoiitaet. AHinity, 
indeed, strives to bring them togother as closely as jiossihlo; hat the 
eln.sticity of tho hcat-a|iii(!ro .surrounding each of them produooH tho con¬ 
trary oll'oet ; and, tho two foreos balaueiug one another, oae.li atom 
remains soparatod from tho next, by a distance many times groator than 
tho (lianiotor of a single atom. (Jonsoi(ueutly, a siaico occ.upiod by oni' 
atom of hydrogmi, with its hoat-spluiro, may subsec(noully allbrd room 
for several atoms of othor substauces; tho hoat-sjilioros of tiie latter must, 
howovor, take up loss space than that of tho hyilrogon-atom.] 

Tho compounds ciijiablo of replacing liydrog(m in the niKdeiiri, aro : 
NO'*, which, for sliortiie.ss, may bo t'xiiro.ised by the symbol X; 
Im=Imidogouj N11“= Ad=Amidogmr, N IT' . Am. ; A\umouia; AsU'^— 
ArrrArsidogonj C*‘N — (,!y=:Cyanogen, itre. |']’lie. aHsnmptiou of imidogeu 
"N^ll^, is admissible only wlimi laceording to tlio .sy.-,tem of llerzelins 
and Laurent) we suppose tlio atom of hydrogen:. and that of nitrogen 
=7 (0 = H); according to tho atouiiu weights of this Hand book, on the 
contrary, this supposition is iniidinissible, on aeeomit of the fraction.i 
which it iutroducuH. It is, mwreover, unnecessary, hiasmueli as wo do 
not know with certainty of any compound eoutiiining only I uiem of 
imidogouj and in those eases where Laurent supposes Ulm(—-ii. NMl*), 
wo may just as well write NIl.[ 

MMieii, by the action of various sulmtaueeH, one nneletis is eonverled 
into another, witliout leas of carbon, tho new eem)iound cannot bo repre- 
settled by a forittula, tti wliicU the tttteleus is su]i)aiMed to coittaitt a 
ttutitbor of carbon-atoms diirereiit frotu tint former. When, on the cmi- 
trary, a. portion of tho carbott seiiarales from the tincImiM, in the form of 
cnrhotiio acid for o.xample, tint old nuelmiH tniisL be replae.cd by atuiiher 
ooitlaiiting a stttaller ttuitibor of carbon-atoms, uttd ibereforo* siattding 
lower in tho organic scale,—or a cunipoiind of stich a nucleus with oer- 
tain substattoos superaddod. When docontiiositioit lakes place in auch a 
manner, that tlio hydrogen, &o., withdrawn from the nueltniH in reidaeod 
by an oiptal ittttiiber of atoms of chlorine, tkc., the nucleus reumiiis llie 
Bitmo, but is transformed mure or less into a secondary nneleioi. When, 
howovor, hydrogen, ehlorine, Ac., in withdrawn tvithoiil stibsiilnlion, the 
residue, if still an organic com|)ound, niitst belong to the series of another 
imolutts. Tho replaeoment of a certain niiinber of atonin of hydrogen in 
tho tiuoleuH by ehlorino, bromiui*, or iodine, does not alter ihirpropertles 
of a aompouml so much its the replacement of an eipial niiniber of atoiiei 
of liydregcu by 0, Nl)‘, or NHL jlloruover, all nitelul are neutral, even 
when they contain 0, t.'l, Hr, NO', Ac. 

I'lxamploa of Nuclei: In (lie Kllnme-Muriea, Olefiant gaH"-:C*ll*..! 
lithcne, tho pnmari/ nudenn.' —Secondary miolol are: Vhhr-flhiim’ 
C'‘II“{J1; l®J)r; y(r-(;//,((*e”-C'Il"AM [this mieleiis is sup- 

posed by Lauront to exist in cacodyl=C‘H’'Arj tills cmnpmind, mssniiiiiig 
Ar=:AsIH, bo writes ssG'IPAr,if]; 6yn!o/'-e</ic««--.C‘n 'tT'j 
= C'r[Cl»; Uhlnr.vthm^VA'V. 

_ Tho torminatiou sc denotes a secondary mie.lens, dm vowel befero tim 
ae Indicating the nnmlieref hydrogeii-ateiiiM which are reidaced by aiioilier 
substance. Wben 1 At. il is replaced, the name ef the resuliing euin- 
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pound ends in use; ese indicates 2 At. of hydrogen replaced, ise 3, os^ * 
use 5; alase 6, alese 7, alise 8. If the element which replaces the hydi’*^" 
gen is not specially named, it is tacitly understood to be oxygen. Wl* oi"*- 
any other element takes the place of the hydrogen, its name is prefixO"* 
Thus, chlorethase is ethene in which IH is replaced by ICI; and 
clilorothose, all i atoms of hydrogen are replaced by 4 At. Cl. 

In tho Naphthene-series^ Naphthene—islhopf’^^ 

inary nucleus; the following are some of tho S3 secondary nuclei deriv'tjcl 
from it: Chlcmaplithase=C-°lil’C\', Ninapihthase=^ 

— Q’OH’X; Anianaphthnse=C^H-V'KA', Brcnaphthese—G'''}:l’‘'Bv‘-, Cldoi’CC- 
«apM«e=C='>H»OCl; Ghlonaphtliise-G'^^^GVAminap?ithise= C“H«Aa=*; 
Bronaplithose— C^H^Br*; Ohlorenapldhose—G'^'^lA^Ci^^^Chlorihronaj^Ai- 
those=. C^ffEr^Cl^; Cldorihronaphihose—C^’'Vi:^BrG]?-, Ohloreninaphtho-'^^- 

— 050 [J^XOP ; Ghlnrihronaphtlmse— C-“H’Br“CF J Chlonaphtlialase = 
C=»I-PC1»; Ghloroxenaplithalese= C“HC1“0*; Chlonaphthalise= C“C1“. 

All these secondary nuclei belong to the s.aino series as the prinnii’^^ 
nucleus. They have all the same type,—that is to say, they all cental 
the same number of carbon-atoms with the samo iinmbor of atoms of 
other atoms similarly annexed to them and forming similar geometricn<l 
figures. 

But inasmuch as the atoms of different elements are frequently 
attached externally, to the nucleus, several new types are prodncocl, 
belonging to the same series, but differing from one another according fco 
the number and nature of the externally annexed atoms. Tho numbox* 
of the atoms thus externally attached is, with very few exceptions, 2, 4:* 
or C, rarely more. 

Hydrogen is rarely attached to the nucleus, and only to the amoun fc 
of 2 atoms; thus. Marsh-gas, C’H*. may be regarded as (Methylene) -f- 
I'P. By supposing 1 At. H to bo combined with a primary nucleus, ^vo 
may explain tho formation of many of the radicals in the binary theory 
{a.g., Mcthyl=C^H’-f H), which may bo regarded as organic metals oX* 
fundumeiiUd Metalloids [Vronietxdlides fondamenta^ix), but are nearly all 
inercly hypothetical. (FhZ. Note, p. 12.) 

With regard to tho combinations of nuclei rvith Ghlorine, Brominff, 
Oxygen, &o., two suppositions maybe made. Formerly, Laurent main¬ 
tained that chlorine or oxygen cannot unite with a primary nucleus as 
such; but that this nucleus must be converted into a secondary nuoloutJ 
by the substitution of chlorine or oxygen for part of its hydrogen, beforo 
it can take up Cl, 0, HCl, or HO, externally to itself. 

When, for example, olefiantgas=ethylene=C*H*, combines with 2CI, 
it forms tho oil of olefiant gas=C*H''CB; this oil may bo regarded either 
as C*H*C1,HC1, according to Laurent’s earlier view; or according to thafc 
which he now adopts, as C‘H‘,CP. Similarly, the compound of naphtha¬ 
line with 2C1 may be expressed either by C“H’Cl,HClj or by C^H^X'l*. 
The former view is supported by the fact that these compounds, when 
heated or subjected to the action of potash, give off, not CP but HCl, and 

are converted into the secondary nuclei, C^H^Cl and C“HX1._In thafc 

case, however, the naphthaline-compound whoso empirical formula is 
C5ojqe0pBr‘ must be regarded as C“H*CPBr^2HBr (not as C"’H“CP,3H). 
But this compound, when heated to 150'- gives off, not 2HBr but 4Br; 
hence, according to the older view, it would be necessary to suppose that 
the 211 external to the nucleus, entered into it again and set free 2Br 
therefrom. (Comp. Laurent, Bev. scientif. 14, 74.) [Perhaps this singular 
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case may bo oxplainoil by tho afth\Uy of tbo clilorim' ponlaittml itt tl..< 
nucloua for bydrogon.] . ■ . , 

Similarly, witb rogunl lt> osygoH. I.aiiri'Ul mauilfutK-d (.(si.r. f 
fViys. 01), 218 ) that no primaiy mu'U'UH t-aii n.itibiiio wieb .'W/.n 
ff)nu an acidj unions part, of its hyilrtiittMi luvs Itovu - .I hy 

anotlior cloimmt, inartinncli uh it law not yi't bi'cii fniitol jn^nldr. > itl.cr {•> 
mill oxygon to a primary nnoloUH ^Yitllont at tlm aunm liino si'uuning 
hydrogen, or Lo withdraw iixt’gon from an orgunio acid in Mich » ntiuiiu r 
as to leave the jirimary nuclcim. 

More reeenily, however (( Wh/*/./■>«</, lit, 8'itil. I.iiiucnt 
this view, heeauao tlio reaelimia of tlie elilorine and I'li.mmc c>-i»jtniiii4a 
of naiithaliiio (ei’i/. render it prolialde that iIicm' eoiopi.oiid 'h.iuld 

ho regarded an C1''"H\('1''‘ and ('■''ll“.Hi'’, and iml an f t! f l.JU 1. ‘-r 
C^IPlIriHlir, Hitter almmiil oil, whieii. ueeurding In the i.hlet tin ,.in, 
=C'‘I1'‘0,I10, and nmirdiug to the more i.eenl then t 'iP.U', 
convorlod, by the action of hydioniilpliate of aioioimta, wlio h i >Le i 
all tho oxygon from 2 atom.'i of the ml. inio Siill'i-m- f 11 •, » tiaon 
formation not ho eaeily ex|daiiied, if, iicemdlmr (o ilm ■■Id, i il,. ti. v.■■ 
sujijioHe hitter almond oil to contain the riecondary nucl.Mi ,, ( ‘H u 

[The older theory in Mlpjairlcd hy the con'iderali>,n th.i! the j lioms i 
nneloiiH, hy tho jiartial HiiliHlitiition of it»i hydrogen hv aii>>iS« r < lem. nt, 
ia brought out, an it were, front ila former fiinle of imlitt. t« n» e sod 

rondorod moro or lean polar: llm mine theory, moreover, , iidnin 

clearly how it iw that, in aeidu, a certain portion ef the hvd». e. o sK. i. 
namoly, which ia cxleriinl to tlm niielenn) maybe iiphoid I--, m. t-.d., 
wldlo the remaining imrlitm (forming jmrl of the nneleo'^i ii no :»paid,- >-l( 
this kind of HiiliHtitiition, Imt may in verthehoiM he n-jdioed l.y «hl••r>llr', 
etc. Tlio later theory, on the (dlier hand. lm» the advanlage yoddmg 
much aiiiipler fonnnlm.] 

Ohlorhif, Jlmitiitr, AuL’ac, or may romhine with the m 

to tho nunihor of 2—11 atoina. Kither of llie»e element.*) muv he tt I 

hy potash, witlimit llm Mthatilntiim of nnoiloT Bith’itance ,* m tmeh n 
Cfvso, oithor tho wholo of llm rhloriim or bromine paBiC-s over to she 
potash, oxtornally to llm lumlmm, llm latter being left in »|o origins! 
state, or half the oxlernnl atmim, together with an eipml ininyher ..f 
hydrogon-atonis, nro taken up hy llie pol!e.li, whde the oilo t h ilt oj tl,.. 
chlorino or hnmiinc-alonm paxa over to tlo- loielen*. i,, t. i-!,,. „ ii.., K^.is . 
gon-atoniH. Hnl. llm ehlorine or hremine tielongin„' i>< tie on, P in n i ■ s 
easily removed hy iiota>.h ; ami when it i-. iliii-) «iihdtn««,. <,!: 1 ... t 
roplaood hy any oilier hulwlance, the mielmin in eiilo-r itao-d-om.-1 to!., 
anotlior, or coniplutely dmmipnei'd. 

Tho following eoinpmmda, hehmging to the ethrm ''(('S' Itic ■>, 
examples of theso traimforrmilimm : Oil of edetiant gn> (‘hh-ruie >.#' 
7iV/ic«e=G*H*,OH; sirnilnrly O'lP.Hr’; (’'IIM'; (U., 
ssC’^I'PC'ljCl^j Ghi&riflff tff f1C'P,C‘|‘ i gef 

Carbon = 6'///r?rWfl nf ChforMa$e^iHVO\\ 

A nnclcuH, cillmr primary nr wntulttry, may take ni, .-.i. n. dU ;« 

4, or 0 atoniH of O.n/i/pu, 

■Ry taking ii]i 2 nloniH uf oxygen it i« geimrallv •■..m.-rt.-d ,, 

neulnil ox'ub, rarely inlo a tluthdi/ arid 'J h.. p»..d!„(t., 

fmdammlal or cleirml rrolor/nndr (, , 
according as tlio nuoh'UH wliieli takeM up llm 20 is priinary or sreumUrv 
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Kxainplw of ucwtnvl okoIoh ; AMoivyilo. r‘ir*.n’; Oittor almoutl oil, 

Oxitlt' itj' ('■‘'t'l'O'itl'’,—'riu‘ nillowiujr m'« 

W(mk aouls ; I’honic iicul, ; Ilruminilu'nuM'iu' lu'iil. ; 

ChlorophonnHHtcui'ld. G*’HCl‘,()’j I’icric'm- Nltoiiilu'uifi.xic iu‘iil,('*’U*X*',()*j 
Salioylous noid, (;'<l[»OVP. 

Tlio addition of <1 iitoniH of oxy|j;oii to tho niiidou?! jirodiiccN a .l/ono- 
hciKtr. acid viontihmitiiiir). [Siucit tlic tody ilitti-ri-inv lictwivii no nriil ami its 
BnllN i« (lull llm former roiitnina an atom of liyilroi^ro wloTr tlir latter iniitniii an 
ntiim of mi'liil, it la evident tliat the arid ilsell may lIKrwite lie regarded as a wU. ]— 
By lliin tdian^'o, 1. At, If miiMt lit) roiidoml nijiitldo of inle'n'lnmf'in^ with 
1 At. inotal. 

Tlio follnwiiiir art' nioutdmNit' ntdils; Forntin riciil, (’■'ll^.tl* (ili mtdallio 
Palls, n“frM,(l‘): Ari'iic iK'iil. (IMI'.G* (tnidallio hiiIi'o t'*IFM|t)‘); Ilntyrio 
acid, (imdal lit) Haifa. G'H'.M.G*) I Itoii*oi(’ acid, ftiictallio 

wilts, Htilicylit)aeid,(!"ir(lh()* (iii.-tallir wilt;, (’'‘IB.\1()*,()<). 

In litnutoifl acid, tlto primary iiudoua m t''IF Honr.oiio ; in wilicvlic acid, 
it i« G'Hl'ssSaimm. 

Tlio addition of (1 At. oxyjEit'n In a ntii'liniM prodttn's a JUIutDlc acid 
(rSirZ bibnsitiue).—lt\ litis ctiso, 2 ntoins of liydroj'on nitiit lio hron/flil, into 
Bucli a Blaloas to ho l■l'Jlla(-(•al■ll< hy i! itloins of a inolttl. 'I'lio followinijf am 
oxainplcH Ilf liiliasio iindawilli tlioir mi'liillic enllM; Oxalic iicid. t’Ml’tihO* 
(Cd.M’O’O*; till' primary nnclons is Kilicno ~ C'lP): I'hthalic acid, 
C'“11W0« (C'n0M’O’.O“; tlm primary nmdmiH i« riitlmlmm 

Tlioso acidH wliicli arc morn than hiliaitic, urn muiihli'd hy Iniiirent 
(somo of thorn, at least) as intimalo c.oinptmnds of sovonil sintpfo acids, 

Two atoniH of liydro;{cn and 2 tilomN of oxyKcn may likowiso ho 
atlaolicd to tlio ntiolmis, not exactly in tlm form of'a At. Ht’l, lint in soma 
other form. In (his nmnner am jirodnccd ilm Alcolnds, in tlm widar 
HoiiBO of tlm ierm.-- With meal'd to tlm alcohol of (ho otimim Norios, viz. 
oommtin alcohol, (I'llH)’, l.anront's view accords vory imarlv with tho 
rndianl-lhcory; Flhcnt', (•‘IB. is ronvorlcd hy nilditimi of hytlrojfoti into 
tho inolalloid, hiiliyl: (‘'ll*,!!; lliis, hy addition of O hocotims Gsido of 
Kthyl; and hy fnrtlmr addition of I At. oxido of hydro).;cn, AlcnholKs 
C*ri‘l 1,04-110, ie jirndncoil. Similarly with wooil-spirit, Ac, Hut tlie 
nloohola may, after alt, have n totally dilfcmnt cmmlitulinn, and may not 
contain oithor a TncUlloUlnl rtidical, or 1 At, water ready formed. We 
mnysuppQHo, Indeed, that aovcml atoms of It and Oareannesed externally 
to tho nnclmts, without being actually united in the form of water, 

Wlion oxygon or ohlorino acoumulateH milside tlm imcleiiH in ton 
groat_ quantilv, Um nucloiis is apt to resolvo ifaolf into two other nuolei, 
containing only half an many carhou-ntorns, and UmnToro latlotiging to a 
lower sonos, Jn this mainior, Chloral=:C*IU'F,lB, which Imlongs to the 
othcne-sorics, is resolved, hy Iho action of aqtieous alkalia, as-sisted hy 
2110, into formic aeid£=:C*lB,()‘, and ohloroformesO’UCl*,—both of wliiali 
holotig to tlm mnlliyleim-Horios, 

Most nucloi, hoth primary ami weondavy, which omir in other types, 
08 in acids, &o., are likowme known in llm sepanite Htnle; hut llm osiM- 
tenoe of many jirinmry nueiei is merely hypotlmtioally a«»(imod from 
that of their dorivcd nucloi; many niitdoi nimi, hoth primary and aecon 
daiy, aro moroly suppogod to oxik, heeaitao tho Mtnpoisition of a eertoin 
sonos of compounds is best understood by regarding them os composed ol 
an unknown miolens oorabined with other anbstanoes. Thus, the exist- 
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oiico of Motliylono or I’nloiio, CMP. ih not ynl u ■<. !; 

Imb it in unNuini'il, lii'i'iuwo mtniv vi/.., Mivr li j:-‘ * U'.il'; 

Formio mud = (!MP,(H ; MrlliVlio oilier •- t' lP.im: j.ini 

CMP,lPO'‘, ari) uinHt ciMveniently tleriveil fr.-iii tliat • id. .i:ti«e u . i« 

mioloiiH. 

ConiponutlH holtni^in/^ to Iho muiio lypo of (lit’ U.iw h 

cortiiin iiliyuicid luul clieinieal Hiiniliirity (nml lire likewise isi.mt.q.ii. tra, 
ovan if llio mielmiH of llio one cimtiiiiiM imtliiii^ t'lil liyilri'jfeii liesiiie-i ike 
oiu’boii, Avliili' Unit of Uu) oilier eoiiliiiiiN inori' or lees eldufitie.-"" Ike 
coinpoinuls of llio phi'iioue-m'riee, I 'MIH I 'M!’t i d* , 

luul C'MICF.O^, for oxauiiile, all fiiwt very reiulily, vokirili/e oiiiietil 
(IcooiniioHition, iiro aciireoly Hohdile ill water, loll difsolvo mill lin-iluv i« 
alcohol ami othor. lint foinpoumlM of the naiiie neries, wlm li t« t<* 
(liiruront tyjioH, exhibit ninrkiHl tliilhreiieeH in their pro)n'Mie», en n wki ji 
they iliilor hat aliglitly in the niiiiihera of iilimin ol wliieli they nfo made 
up: e.ff,, Iiulip; 0 -hluQ=('*“H*N'O'', ami Imli^o while ('"ll'N'liMi. 

Ii(turi nt‘s t 

Oi'f'aiiic eoiiipiiiiml-i iiiiiy lie arraiiKeil in .•iiv it i, The h.i ;. .-t «ioTi .4 
IlioMi aerie.M is a pi'iiiiary iiui'Iimih. looeilier w iili ii. ■. ei.iekiiy oio l< i T his-, 
tlin following; eoinpoumlH heltnij' tothe aeries ol Klhem- or Kihihne, t'Ui", 
AhUiIiyilo, Aleolml, CMlMCtH; Aeei.e ae„l. ti*.' i li-me. 

acid, CM[(T^()‘, i<e. 

ICiU'Ii aerii'N coiitainH eompoumla lieloiijrini^ to dilh r> ia tym ^ mi l 
tliOHO typea reappear in other eeiiea. TTiu > the nuiT> us lypi iidlsi.h > i)! 
iiiiolei, ]iriiimi'y Hiid Hceomlary i the nleolud iv pe, nil mo li t !•. «l»ol, U n'' 
liiiH heeii milled; tlio nmunhaaie iieiil type, nil nmTei whoTi hme i .km up 
40 in midi (ion, A'c, 

A pi'iniary iuu'U'Uh mivv henUered l>Ytdi-iiriielion of '.‘It, ihe reiuidodi i 
iis the CJiMi'udi-rUtiCy which, in tlm ease ot methyieiie, t TI’, is mein h l 
wliilij in oilier nuclei it i» (•■‘•1 the reiiiaimler ol llo* liydio^. u ‘M««>-.'il 

are the Oonitlanh' so tlinl every primary iiiieleiin far. i t'ousi tTir, II’ 

Ifoiice the corapiiundM of any «erie« may Ui armnged «ml 
follows:— 

A. iVaeW, 

a. /i/hnililni—I'riutnri/ Xiii-hi far. 11. 

'JTie eonjllgaled iieid.s, wliieli till- e juiioai \ inohifon.i oifl, . 

tvoiil, 4<0., arc called by I.aiiieul, .VeA n'<« no i . > .no e m 

uuokuis, no hllhwlitiltion (mrlulrfi ) of liydroien l.y niiollirs eul.4.»tfi(' 
has liikcn pliu'c. 

b, Amtannltlra, 111 of the eoiiniaut i« repho'cit l,v i»midt«i,»en. Nit’ 

n, Amm. (leli/iiisOtir, 11 Ad. The ehniacltri'ilie remmns iiiisiheie.l 
With acids, they form enmpoiimlu eallml Sfln mrlH 

/i. .A«im._paw{/s=Uiir, -xll i xtT.UAd. I'ari «.f ilm hydrnifen m 
tlio olmraotorisLio is replaced by eldoritie ornnnm nlher salt rndienl 

0 . A^mkida, The hydrogen of llio eminUiit, and purity nho »« Uo- 
oharneteriMlie, is roplaciid by a salt radical, by hyjH.niitn wet .-r I.,-, 
oxygen. 

n. //((A/i/cs~Car*~xlI+xCT,CP—All the hydne,;.« .-f i!.. ...es!,.,?, 
pd part of that in tlio clmracleristie is reiihiee.t hy eidonuc. kfonoj,,., 
iodine. These nuoloi are not ileeomjifwd by alkalis 

ft* .ar. It A. lake firo when heateil m ehise ves.sdis, 
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(lecomposetl liy potash, aiul oonvortoil into AmmmUa hy hyilroflulpimrio 
acid, 

7 , Oumphuhn Car, (V*. LiltU* known, (hniinion caniplior, 
imiy ho rcf'ardcd iia one of tlicm. 

It. I'lvtni/niiilrs, (knnpountls of imrlfi \viil> 2.\,l, liydrnji'i'H nr oxy^n-ii, 
or with 'A, •1,'or li iilimis of a halt-radiral. 

a. //vdn'i/rt • Car, H’1 IC. Mur-dv ja'”, Cdl*. -(’dC 1 is llto 
hydridi'of pnlrni' or lui'lhyUnu', ('’H^ 

h. I Cl’(or Cl ‘ or CP); or likowiso Car + 

Cl',cr -) t'P (or Cl* or Cl"), llroinino or iodino may likewino ontor in 
plan' if cldurini'. Tlita nddilimi of V. or iCl mnki"i Iml litllo alloralion 
in the characlora of iIicm' fotoponnda, .Mkalifi rruiow' rrom iliom iln, 
chlorini' wliich is rstrrunl to tUo miclom!, ami loavo tho liittor in llm froo 
atulo, To lliia rlaKH hidonjt. for oxamplo! CMC 1 t’C; Cktd’' I CC; C*tC,U* 

+ Cl”, ('‘CIV-C + CP; CMlMr-pCC; C-HMIM CC; (■■’IC.lC + Cl"; 
C'*n“,ClHCl*; C"llV’C4Cl‘: t lir'; (V‘11MT’ j Cl’; t'->'U*(:C, 

C.C l-CI*. Tho HuliHtnncfa huforo the coinnia form lio' clmracIfriHlio; 
Ihnso after llin coinina, tho comitanl; tho-io afior tho | Miijn uro tlio 
suhstaueoa oxtcrnal to tlio nindoiiH. 

Anktldvidfi, I A* r;iviM ilir tuiiii'.In^iio/Witi'ii to lomj'owaiU «liit l\ 

nro iildo ilidtiliitc of tvnirr, ho oiinlit |,i Imvr ilo^iKiailoil hia {/t/ilni/rt, 1 . 0 ., l‘lllll|•mottl,l 
of tho luioloi with liyilroKoii, liy rhiki’ otiirr Irrni. i”-~('onipotindn of oi'romlary 
nuclei with (d*, (d*, (d\ or O*. which, when milijeeied to the action of 
aqueoua alkalia, take up thn clemeiilff of 2 iir •lilt), and are tlierchy 
oonvorted into acida or ainmoniacal "iiltn, 

It, H<dn/iirmeii--.-.{'nr, lUd | (dk td' or (d" (or Mr or .*> instead of (d), 
At|UConH alkalis convert tlicte eoinpoinirlN into monoha»ie acids, (diloro- 
fornii (d,Iltd I (d^ with -lilt) forms ,‘lllld t tt’tld)' (formic acid). To 
tho aanic divinimi hclnn);/!: (t'lP.IItd ltd*. [Accortrnij{ to thi«, thn 
hyjinrhalp'doa aw idoitiical with tho ludoform anhydridci. ro far an their 
conatilulum in cimccrmHl, and differ only in their helmvioiir with iniuemia 
alknlia.] 

ji, /(»/(_i/</c/m/</i/c)»n('nr, CM ( Ok d'o thia division lielottf; C'''lI'(M,(;i'* 
+ 0®, and chltirahh'hyde, (''(dked’ I 0^, ddm latter is converted hy tho 
action of atiucflUN potauh into hydrocldorio and chloracelie acida. 

(C'clkCM+on rtrno tit;u(f'c:tMUi • n*,., 

7. Mwtficd^Car, IIAd f-Ok TheNe compound?*, when decompowd hy 
aqueous alkalis, yield I At. ammonia and I At. momdiasie acid: 
DonsaniidossC"lt‘,nAdd-Okyields,with'illO; .\IP+C'‘H‘,IC t*0*. In 
ft similftr nmnnor, salioylamido yields ralieylin acid : 

c'diioMua+o’+viiio -si^Nit'S (c 'lp.o-f O', 
f. JvJimlracidesssCnv, O’-pOk Form hihn«ie acid* hy Inkiiiu up 
2 H 0 . When succinic acid, C’'II*U^-pOk is distilled with anhydrous 
phosphoric acid 2110, is taken away, and the anliydraciil, t?H*Uk()’f 
0* is obtainodj and this, hy ecmiact with 2110 i« ri*filored to the stale of 
suooinio acid, Gdilernnil is rcRolved, hy contact with aqueous poluBli, 
into hyclroohlorlo and chloiftnilicucids;—- 

(Ci»cit, 08 +o-) 4 --itio aiici + (c •ii-t;iMHt O’). 

«. BtamWe«B=Car, Ad*'+0k In contact with iwjnoous alkalis, thoy 
take up 4H0, and arc converted into 2 At. ammonia and I At. hihasie tic.icf. 
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CMl'OvNtV^ I t)'^ f -JUi)»tr 

SiirciiuiMiiilr '^11* ’«’ 5 

t (i-* I aw *2N!P V C'lt ,(*■ . <» 

Cl\atni(|i’. 'AO -> 

!,'. 7/u'»u(/(‘S”Ciu'. Im'^ 1-()■■’. 'riu‘<si' I'dUtimmulH vvlisni tr»<iU«’4 wUU 
iii[iu)miH iillcaliH, vii'lil I Al, aiiiuuiiiia iiiii! I At. of a a«f4, 

Sin’i’iiiimidii (llic l!imi(Tiiinmi«ln nf tilln«r flu'mi«t.r*) -• 
-(••UI() = iVlP-|-(J'*Il'’,()^ I ()” !Miicfiiiii' iiriil . [If, tu't'iirilinK tw Jlt>« |ir>i: 
cijiloH (if lli'w Ihmd-litKik, Imiiluj'i'it X*IP, In* n-},'iifdfd ju* icia<lini»ii»lili\ 
tlui aluivi' fiii'inulH. (if Hncciii'miidti luiiiil lio OMiivt'i'lfd iiiln > fi', 

(ir into C'lI'AdO’.fl'j iiml himiliirly with tlic nilicr l<iimidi"i. 

d. Atilflii/ilfn, <'iii«)nmndH (if llii' jiriuinry nr nt'i'niidncv mn'ii iiB «isli 
20, By tukiii;; up 20, they uru cniiviTli’d iitiu (it'id *. ; Tlu-y »*''«di uilv 
litdoiiji; to tlui pi'(itii}!;(!uid('H, midi>r wliicit diviniuii. iilmi, iiiiifty r«iiij>t>uiul«i 
(if a HOC.(indnry iiuclt'UK with *.!() (nr 'J:H) miiy In' niii;;i-d, r. >/,, th>' Aithy- 
dmoidu, AiniiU'H, Iliiiiiiidi>;i, and Hiiiiiidi-i j. 

TliciHO uldtdiydi'H iiiuy li>> iiiilHli( i,!,-,! ia|,i n n'),;/, t 
iilddliyild”l%n'’I O’; ililli'i’iilitinnil nil I'l'ii/i'in';thl, lndn ( 

+ ()’; iSiilplddn nf llnu/i'ln'. ('"I IMP t S') . -ix / ■> 0'h‘'U>>'m nt 

~0'''H‘,n''’:;:Od ; liud itn'ii'iil ttlildiililrii, i r., cniil ailiiii,' a dnrni,.| nf 
(.('(■(iiidiiry niii'li'U ■, and /(I'lM'mlly having an in'i.l ,'i,n'>tiin()»it ((‘hh.fal 
“(I’H0l,('l'’I O’; (Jlilni'nplicrduNit' indd (‘“U’t’l.t'l'' i O’, I'lrfii- act*! 
C’lPX.X’d-O’). 

(!. »SV//( 7/i(in(i/ji(j((i/(((T Car, IC | O'. Mniinliami' ai nlt,, in H!i > h i!{ 
(if (ho cniihliuil may lu' ii’placo,! hy n nmial, vii'hliiij,; Um (xfi.niSa' 
Car, 11 Ml-O'. 

a. AWs iiw/Kiliiiiiii/iitg/iiiit/iimrutiiii.f Car, H'| Amlit' «»»4 
CSir’, d’ I O'; a mclalllc arolnii’ f'lC. tl.\l t O', 

I), iS'tU Car, 1II“I t tJ*, luMtind nf flt'l, dm 

odiniKiinid may cnniaiu ll.X, Chlnracntii' acnl C'Cl’.f’HI (O', il<n 
mntallio i<aU™C‘(!l’,C|M -| O". 

0 . i^elH mmiiibanii/itre iiiniift'^ r.t'ur, Adll |O', Snunal nf ihrsn mm. 
2i(n))idiit am rwolvod, hy ihn nrlimi nf ai|m'nm» nr )i»5n 

ammonia and a hihnMio will (hihaaio ntiidj; (Uamiti arid - {"‘O’.Adlt f O', 
f.lio motallin aalt, C'O’.AdM p O'. 

n, iS'flu hilHiniijiit!), a, Cnllljii.nild 1 id .1 lunh lio 

((■(intainiujj; 0 (<.>;,.llinr «ilh (hr III with no. It,.,, .< As, 

hydrn;'cii, which may hn ir idimcil l.y a nnl.il 0%..li,' .. i-l t ‘o-.H’ , 
0“; itn mclullic call-. C'O ,,M’ | (r; .'d,nnnic a. i.i t ’ICO’JI' . it‘, iSa 
laotjillic calla; .('''II'0’,.M’( (1% 

b. Derivh, ’I'lic nmlcm, cniiiliiin,| with to »..i!» isii-, t I >,f \0» 
Nilronaiihlhalio acid C'-ICXlt .11 i O', iin .-nh.s b.iU C‘iCXo’.A|{' 
•p 0^. 

c. Vmirpm, Oim almn nf hyilrnRon in ihc cini»t»n{ tcnltn-rd In 
Urn (l|•('auip nmlal, Kihyl .<(*1C.;K; and nidy llm nlhrr ran Sm. tr{.!«r. -I 
hy a metal pr(i|icrly mi cnlh-d; 0»alnviaia arid ~ (‘'tt’.KH * tr* 
motallic, Halt.s™C'{P,l';M ( (jB, 

K. I'i'i'liir lilllh/rti, Cnni[innndH nf (he imch tii, with 1 Ai II, ♦.!•-s, I 
them ani nnkiinwn in the unparain hni th. u . !.«■ 

hypnthetirally acNamcd. They cnitiridn with llm livj.,.sl«i !ir«i 
tho nulieal-lhetiry. 



u. j^crvvfioj ti.y.y xx. -j- j.j.. 

0 . Amides. Contain Ad. 

F. Syndesmides. Formed by tlic union of two typos, eitlier from the 
same B&cias^llomodesmides, or from different sBr\es=R6ierodcsmides. 
They may bo divided into Aidiydrides, Aldehydes, Salts, &o. Tims 
BGnzoin=C“H‘^0^, formed, as it were, by the union of 2 atoms of bitter 
almond oil, C“H“b^ is a bomodcsinide; and Mandolio acid, C’^H^O”, 
which may be regarded as a compound of bitter almond oil, with 

formic acid, is a lieterodcsmide. 

I have considered it my duty thus to explain tho inoro important 
doctrines of Laurent’s theory, more especially as this theory has not yet 
received, at least in Germany, the attention 'which it deserves. Whoever 
will submit it to the teat of examination, oven if he docs not agree with 
it in all its details, will nevertheless admit that the nucleus-theory is tho 
one which affords tho most simple and comprehensive view of the many 
thousands of known, organic compounds, and unites them in tho most 
natural families or scries. With my own ideas this theory is in peculiarly 
close accordance, inasmuch as the view which it gives respecting tho 
metallic salts of organic acids, is identic.al with that which I had proposed 
ns the most probable, in the third edition of this work published in 1820 
(Vol. 2); this will appear from the following quotations; Pngo 19. 
" According to the first view [tiiat an organic compound wiien dried per sc contains no 
more water], it must be admitted tliat the water which is disengaged in tliB combination 
of oxido of lead, or any otlier saliflaijle metallic oxide, witli tlio organic substance, is 
not an educt, but a product formed by the union of all tlie oxygen in tlie mctallio 
oxid,e with all or part of the hydrogen in the organic substance; and tl;e residue tlms 
obtained is not a comi)Ound of lead-oxide witli a perfectly deliydrated organic sub- 
stance, but a body distinguialied from tbe organic substance perfectly dried per se. 
by the substitution of one equivalent of lead or anotlier metal for one equivalent of 
hydrogen. Honoe, according to the first view, to whioli tlie preference is given in the 
course of this work, an orgauio substance dried as far as possible per se must be 
regarded as perfectly anhydrotts; and tho hypothetical organic compound of a still greatoi’ 
degree of dryness, wiiicli, according to tlic second view, is supposed to combine witli tbe 
oxide of lead, but can never be obtained in tlie separate state, must bo distinguished 
from tlie former by the appellation of a hypothetically anhydroxts organic compound. 
The former view oonesponds to tho clUoristic, the latter to tlie anticlilovistic theory, ns 
may be seen by substituting bydrocldonc acid gas for tlie organic compound. According 
to tbe first view, tbe water produced in the act of combination witli metallic oxides is 
a product, and tbe metal combines with the ciilorine in tlie one cose, and with the 
organic compound freed from one atom of water in tbe other. According to tlie latter 
view [whicb supposes that water, previously in a state of intimate corabiiialion, is 
expelled by the metallic oxide], tlie water is an educt, and the metallic oxide combines 
with the hypothetically anhydrous muriatic acid or with tho hypotlietioally anhydrous 
organic compound.” 

Further, pp. 28-29. "Many neutral oxalates of metaliic oxides, wlien heated above 
100°, are resolved into water and a compound of 2 equivalents of carbon with i oxygen 
and 1 metal, whioli may be called a metallo-oxalio acid (e.y., plumbo-oxalio acid), 
inasmuch as in this ooinpound the 1 equivalent of hydrogen is replaced by 1 equivalent 
of the metal; or we may regard it, with Dnlong, as a eompound of 2 eq. of carbonic 
acid with 1 eq. of the metal," &c. 

Further, p. 516. (With regard to the ethers formed from alcohol by the action of 
hydrogen-acids.) “(1.) They are either ternary compounds, viz., ether iu whioli 1 eq. 
of oxygen is replaced by 1 eq. of another electro-negative suhstanoe (iodine, bromine, or 
chlorine),” &c.—The preference is given to this view. 

Finally, pp. .524-325. (With regard to the ethers formed from alcohol by oxygen- 
acids.) ” They may either be regarded as formed by the direct combination of the 


e!«il«IlH nf l!»‘rthrr bJiU •'i sVea,-i,< i»».. a ' 

HrrsfUt. «iul oim* .»iSs H’* II 

Jliiltmu, MiM. il’’ />« t'iiiM- <!•> S.-. r\t’h. '-if '-’i’ . 'j ' ^ * . 

lHl -1 aii.l IHl’i, [i. rw’kl wa.-. «li«' J*r»t (•> <=**■•<* « >■’■ '= '’**■ 

iir'ul nntl tlu' !ivi«ttli»'ti<-allv *4 l ••^4 »• ■• * 

IW (-umimuua»‘..i' a Af. «n!' s Aj A.- 

c.,mp. ulM..MtirMy (.!»». PM. H. aHj). H>-. 


«•. ItWkflftli's KfuictA-nSt. 


At tlw lim<* Vk'lin'n tin* »f aflln'iiity m tin* lie*:!"! 

wrilti'ii, (hirliiifiU’s htlt* ult<'iu|il nl tl**" *< •>***■ «t«’S;^^i 5 s 4 

limlitw llttil lint N«'W.n“. (Im i.; - . f itw <■ -i. Snfssjmiat' *:* 

i« ju*i5t*!«i.ry li> ill*' iimU'r't-.uiilin^; >4 ili.’ - t m ji-.m i-i 

lioreaftni- til 111' **•"* •*' ‘ ’ /v ' SI • *'.« 

llinilo ill wliiili iminy Ii.iH’*|ntiiiul»-: ~ •.! -t, ins- < ■■■ .! • ' ' * '• ! *< 

iiiiiIi'I'i'IiiimI, till' jni- iiii *■■ I-' •!■>’ m-st }■- s‘i i' 

ilucill;' tlli'lll Srw'tui I'IIm t 111 li.-ili ir>U’’ »!. »»» ss^ 1 . 'Il l- f-....- : 

tlu'Ml'V. " ill 1"’ '''i|'l.ilM>'>l III il.Ill,; oiil-sjlit’it I ‘ I' 

niiruli>>?i!ll ('imi|ini(ii>l«. Ai' 

Arniil'ilill!? I'* (ii'rlnUill, tins «■ -ini l .r- ji!'■ a ■ ; i i S'? u<-- 

clpiili'iilw mill tlii'ir l•ll|Ilj*>•lHlll■•, lii'l ii>'i t-s-tt « i.i is.' 5 . f i 

want I'f llllfi ntll'IlliiMI 111 tin' * 1 "!!IHI'! ri lilt.-io -4 tt i : ai l’S.o.a 


('gnlJlllUllllt' ill till* ntllli' 

iVc* IUII*l "Ul'lll'M’, " nil lU'liSl'tltC'. tll’St I'.tunTl 4 Il'ijW 5'.««}>sn 

jjiwcw t'liiiiain t'i|Ual iiiniiliftii4 iitmii'’, -in>l mr-’-v *«4, fcjc'fi*i 

(•tiiiiliiiiH vvilli I vi(l. iinyj'i'ii l« fi-riti wnt'-r, ilmt 1 -\t « *U'« ri.»3,iin!» 
U At. tiyilfnui'lt ainl t At. nn-l «.-■ 4 I .tt 

WciigliH IIHI (H), I At. liyil«”}?<'M iinnt t»i i.,li «i M i ' t ' iv t Jj 
For dililillir ri'ltinllw, tin' i-.|itH(ilri in •>1' it- -■!( tor, 

linil tlilrnfji'll, liittnl, lla ill tin* nyat^m nf JSfESi'lin’i, s.r *4 iJiT. 

valiuiii aiwiftiiod to itii'in in tins wnrk Alnti’itfi'r, *« 

this Imlviii^ Ilf till* I'liiiiialonf i alau Iw K»ttr»itlf'4 «>■ m'-it oJ »l><s 

molal*. For itton’iirii' •■tidi' rtiiiiaiii» ft i»i 3 i>< tm* 511 i 

onry, ntul tin* vafimir lU'Uriiv *4 tunri’niv i* t.* tint .4 .•ji.ki-!! t-..-a.■ 
O'!) ; I'l ; lioni’i', for llif fiiriMiili-ii «4 moti ntn- - » t » 05 . u 

nitirc.iiry Mini 1 vol. tutvjji’ii ^’ifi !ir<’ r.-<|itiir'l. f.r .? n it !«»!* * 

(nearly), Aecnnlln^ to ihin. llir. I'.jnivaii'nt •.( suctrsstv '4hs5 *4 hi,,;?'. 
liisiag B) is w(tyil to All. ninl tin* t»rtiitilii «■( nirri-'nirif cusiin js fl ^*’0 iiis.s* 

of ItlOreurontI oxillt* “ llg*! (J. N’»«W, »(!I«*I* ihn I'lir»m!’,»l insfolinsm j4 tt-isi 

cnrlo QftUlo an* aualiiitniin l** llmw «*f risprii* nts.lt', Ji'ffi«» wik 

oxide» manganmiai oshU*, timginmia. limo, ((«i»«li. At , .t tl«i »!»***• 

lattoraronot ctirop**‘l AIntt. Afgt*. C'slJ. Ki'K *r, 

lint of Cn»0, Fe»0, UH), Mn’t). ( at). K*f», 

thus lirought into aet»ftliM«*i!* with that of ll*C), »»*l ll«« «■■'{**•.» nfrs.t* 

of llioflii nnitak, enmpar*jtl iwith that of oxf^m, »m rr4nfr.l I.-,If 

\Vt> may, Imwover, prowwl in two ways, tijs f (». si... .-.j .,-.:.,3 

lonln of 0 , (', S, Kt>, w tliny art;* gtvon in tlu’ H 

of n, I, Hr, fll, F, N, mul tin* molaU; nr I' .i*'' •!»»' aSrtol 1 

tw they am given in tin* pri'miil work, »ti«! i.f tt, V, »u,i 

8 e: in eilhor rwt* wo nliiain (}t<rlmr<U'« e»|ni«'alrBiat Iw ih# I 4 }.«w*«|| 
tablo, which incltnlM tin* eiloinnnti of most fre«|niBni icfurrcttr*!! ftt ar^iwi-t* 


compounils, tLo atomic mnnbei’s, as given in this Hand-book, are placed 
for coni^rarison, beneath tliose of Gerhardt. 

0 C S Se. HP I Bi' Cl N K As 

According to («) 8 6 IG 40 0*5 15*7 63 39*2 17*7 7 19*6 37*5 

According to (i) 16 12 32 80 1 31*-1 128 78*4 35*4 14 39*2 75 

Hand-book. 8 6 16 80 1 31*4 126 78*4 35*4 14 39*2 75 

To reduce Gcriiardt’s formula) to those of the Hand-book, wo have 
only to compare the equivalents of the series (6) with those of the Hand¬ 
book. The figures which in Gerhardt’s formula), express the numbers of 
atoms of hydrogen, and the elements following it in the series, must bo 
left unaltered, and those which relate to 0, 0, S, and So must be 
doubled: thus CN Ger/iftrdt = [C’‘N Emul-hnolc]-, CH-1^0= = [C‘H‘0']j 
CHPKO = [G'“H»NO’]; CHdCPO = [CGICl*''0»] i CHPS=[C‘H“S=], &c. 
1 equivalent of ■water, according to Gcrhardt, = hPO = [‘2HO , and 
therefore not=9bat=]8; similarly, 1 eq. carbonic oxide=CO —[2CO] 
and therefore not=14 but=28; 1 cq. carbonic aoid=CO“=[2CO®], there¬ 
fore not= 22 but= 44 ; 1 eq. oil of vitriol=SI-PO'‘=[2fH0,S0^1J there¬ 
fore not =4!) but=98; 1 eq. monohydrated nitric acia=NHO*= [HO, 
N0“1, thercfore=G3 (as in the Hand-book), and 1 eq. hydrate of potash 
=KHO = [KOjHO] thci*6fore=56*2 (as in the Hand-book.) 

That 18 water, 28 carbonic oxide, 44 carbonic acid, 80 snlpbiirlo 
acid, &c,, are the true equivalents, follows, according to Gerhardt, from 
this circumstance, that the quantity of water, carbonic oxide, or car¬ 
bonic acid, given off in the decompositions of organic compounds is novel* 
merely 1 At. but alway.s 2 At. {Hand-bool-)—.1 At. (Gerhardt), or a 
simplo multiple thereof; moreover, that when organic compounds com¬ 
bine with water, sulphur, or sulphuric acid, the quantity of those siib- 
stauce.s thus taken np is never merely 1 At. (Hand-book) to 1 At. of tho 
organic compound, but always 2 At. (IJand-b.) =.\ At. (Gerhardt), or a 
siraplo inultiplo thereof. Thus, oxalic acid, together with ammonia, 
forms oxainidc, with separation of 2 At. (Hand-b.) water, 

CniO'i + NIP = C=H2N05 + 2H0. 

p6ppoi'miut-camphor=::C"‘*H’'’0'*, when heated with anhydrous phos¬ 
phoric acid, is converted into Mcnthcno=G°fr® and 21*10, &c. On the 
other band, common cantphoj*=C™H’“0“ is converted, by taking up 2HO, 
into Cainpbolic acid=C™H'’'0‘; similarly, Laotide=C“H*0*, by addition 
of 2HO, is converted into Lactic aoid=C®H“0°, &c. [But tbo compound, 
QoppO", which has likewise a separate existence, is converted into lactic 
acid by taking up merely 1 At. water (Hand-b.).'] Purther, Benzoic 
acid = C'^H”0^, wlicn distilled with oxce.s3 of limo, is converted into 
Bonzol = C’H-I“, while 200^ remains in combination with tho limo; and 
a largo number of similar decompositions might bo adduced, in which tho 
quantity of carbonic acid separated amounts, not merely to 1 At. but to 
2 At. (Hand-b.), Finally, all conj)igated acids, consisting of sulphuric 
acid and an organic compound, contain for every 1 At. of tho organic sub- 
slanoo at least 2 At, and sonictimes even 4 At. SO“ (Hand-b.); but it is 
rarely that tho combination takes place in equal mimbers of atoms, as in 
sulphate of methyl rrCH'PO, SO’. 

It is not to be denied that Gerhardt, in the determination of his so- 
called equivalents, has carried out the volume-theory in the most con- 
scoutive manner possible. This attempt, however, is open to tho folio win 
objections. 




1. If tlio'^equivalents of sulpliur and pliosjihorus are veally twice as great 
as tliat of oxygen, the densities of the vapours of those elements ought 
also to he twice as great as that of oxygen gas. The latter is, in round 
iiuinbers=l’l (that of air=l'0); now, according to Dumas, the vajjonr- 
density of phosphorus is 4'4, and that of sulpliur=6'65, whoroas, 
according to Gerhardt, the vapour-density of both these elements should 
bo only 2'2. Cahours, however, has found that certain organic acids, at 
temperatures just above their boiling points, have an anomalously high 
specific gravity, which, at higher temperatures, is reduced to the normal 
amount (e. (/., acetic acid at 12o° has a vapouv-deusity of 3'20, which at 
338° is reduced to 2'08), and, moreover, that the vapour-density of 
sulphur, at a temperature 40° higher than that at which Dumas took it, 
is only 6-47; hence Gerhardt suggests (iV. J. Pharm. 8, 288, II.) that, 
at a sufficiently high temperature, the specific gravity of sulphur-vapour 
would be reduced from 6'47 to 2 2, and that of phosphorus-vapour from 
4'42 to 2'2, aud thus tho anomaly bo removed. This, however, is highly 
improbable, first, because the difference is too great, and, secondly, 
because the beliaviour of a few organic compounds, which present so 
many peculiarities, cannot give much information with regard to that of 
ii simple substance,* 

3. Gerliardt’s atomic weights can scarcely bo called Pqtdvcdenls; at 
all events, this term, if applied to them, must bo understood in a 
different sense from that in which Wollaston used it. Thus, according 
to the atomic weights assigned by Wollaston (and in this Hand-book) to 
chlorine aud oxygen, these two substances are really equivalents; in 
CuO, 1 At. Cu maybe replaced by 1 At. Cl, the result being a compound 
of tho same order; and tho aqueous solution of CiiCl thus formed, behaves 
like a cupric salt. But, according to Gorliardt’s atomic weights, 1 At. 
Cu requires, to bring it to tho same order of combination, 1 At. Cl and 
only ^ At. 0, or 2 At. Cu require 2 At. Cl and only I At. 0; honco 
Cl and 0 are no longer equivalent one to the other. 

3. Gerbardt’s syslom introduces unnecessary complexity into tho 

formula) of chemical compounds; thus, Fo“0’ is converted into Po'‘0“. 
Pe^O* into Pe^O-*; Cr»0^ into Cr^O^; CrO’ into Cr=0^ CrO'Cl into 
Cr'^O'^CP; tho last compound (which, according tho atomic weights adopted 
in this work, may he regarded as chromic acid, in which 1 At. oxygon 
is replaced by ^ At. chlorine, or as a compound of 2 At. chromic acid 
with 1 At. terchloride of chromium), is evidently in strict analogy with 
chromic acid; moreover, according to our usual formula), CrO“ aud 
CrO^Cl contain the same number of atoms; but, according to Gorhardt’s 
formula) (Cr^O^ and Cr'^O'^CP), the number of atoms is 5 in Iho former 
.ind 6 in the latter, so that the analogy is destroyed. Similar irregu¬ 
larities likewise occur in organic compounds; thus, Gorhardt himself 
observes that alcohol aud acetic acid, according to the ordinary formula), 
C'‘H“0* aud C'‘H'‘0‘, coutaiu equal numbers of atoms ; whereas, according 
to his own formula), G^IDO and they contain different numbers, 

viz., alcohol 9 and acetic acid only 8 atoms; hence they cannot belong to 
tho same type. And even if this bo admitted, the resemhlanco between 
the two compounds is still too great to allow of tho supposition that they 
contain different numbers of atoms. 

4. The fact, that in most decompositions of organic compounds, in 

* According to the more recent experiments of Binenu, the vapour-density of sulplutv 
at a temperature about 1000° above its Ijoiling point, is only ono-tliird of tliat wbiclv it 
lias a littie above the boiling point. (Graham’s Cbcmistry, 2nd Ed. I. 397.) [W.] 
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wliioli water or carbonic lund Ih hoI frci', thn iiiiantity of tlii->io ruiuiuiuiiilH 
thus oliniiuiitt'd is not 1, 3, .1, or 7 At. (IJanU-h,) imt always “i, 4, or 0 
At., does not really iirovn that ‘2 At. of wtiler or earbonle arid shoiihl be 
reduced to I At., or, in other words, that the atomic \vt'ij{bt,s of iluwe 
eoiniiounds shoubl bo doubled, 1ml is, in fact, merely a, necehsary eon- 
flt'Huenco of the law already ilovelo|ied, aeeorilinj,' to wliieh llie greater 
number of orgauie (’om[Hiunds eontaiu even numbms of aloniM of Mtrbon, 
hydrogen, and oxygen. If now an organic eomiiound, when tlec-om' 
posed, yiehls earbonio arid and a now organic eompouml, also I'liu- 
taining an even uumhur of atoms, it follows of necessity, that an even 
nmidier of atoms (d‘ carbonic acid, Ac., must likewise bo proilnceil. 
laistly, as we arc obligeil to double the atomic weights of many com 
j) 0 Uin 1 s, in order to mnhi> their numher of atoin.i of carhon, Ac , even, 
so likewise i'l tliis iliijdiealion ret|nircd, to give greater generality to the 
assertion that the deetmiposiliim id' organie eoin|imiml.s is attended with 
the ovolutiun of an evuu uumher of utoins of carlmnic acid, Ac, 


d. SuggMma rrapedia;/ Out Rdalivut VutUim of 0i« Eltmiminiy it/o»w 

ui a Compound Oryanic Atom, tmiinun;/ (ho truth of tho ftu.drm- 

theory: by (ht. 

Tim crude clnimical formula of sulphate of poliish is K.S()‘, the 
rational foriniila. is KO,SO*, if tlic cninpmind he regarded us sulplmte of 
pottush I K,S0* if it he regarded as sulplmnide of potasninm; and 
KiSjO*, if it ho regarded us oxidized snlphide of potaHslnm. Now which 
over of Llioso throe ratimml foriimhi' ho mlo|i[ed, the mode of writing the 
forinuliv gives im sutisfactory idea of the nmtincr in which iho atoms are 
actually miited. The three auhstanees in the formula are arranged 
togellicr in a straight line, c. </., Ktl, SOOt); hut in nature tbay nie 
clouhticas united into a hody of three diniensimiH; for their mntmd 
aflinity indnccH the greatest possihle apiiroxiinalion of tlm Imleroge- 
noouH atoms, Nearly all chemists adopt tlm atomic theory; they deter- 
mine (ho relative weights of tlm atoms, and their ndativu tlialaneea onn 
from tlm oilier, or tlm relative spaeo oeeiipied hy eaeli atom of the 
comhinud sulmtauces, including lhi< surrounding eatoriliu envelo|ie ; hy{)u 
theaoa arc also uiado ruspeelitig the form of tlm atonm, Ac, Why (lieu 
should wo not likewise threw out suggesliuuH with regard to their 
dslative positiona 1 

It may he omumed that the heterogeneous atuum in a cimipouud will 
approach ns near to each other tia thoir umtunl allniutinn or aflinity 
roiiuiros, and tlie olusticity of the oalorille envolupn allows; and that 
tlioy will tako up that particular poHitiou witli regard to oaeli other, 
winch allows of tlm grealcMt and most varied aiiproximation of the 
linterogmieouH atoms. Two iilimis, siieh os 110, can only he dispemed in 
tt lino, Tlm saiim is true with regard to '2 At, of one snhsiaiiee and 1 At. 
of another, as AIiiO”; hero Mii lies in tlm middle, ami I At. () to tlm right 
and left of it. One aimn of a mitislunee and 3 atuiiiH of iiimtlier, nuch iw 
SO* probably form a [dune triangle, with llio siilphiir alom in tlm mUhllH, 
With 1 At. and 4 At., as in NO*, a. leiniliedroii may perliapa hn furmed, 
having the N in the middle and llie -lO at the four summits of tlm ligtire. 
Witli I At. to S At., a« in 1*0“, I* in the middle, 10 above, 10 below, 
and 30 dispoged horlstontally round i’. 

When those and similar cempoutuk el the first order unite tegethor, 






as possible is satisfied to tlie utmost. TliuSj in the combination of KO 
with SO’, a compound atom is probably formed, in which S is placed 
upon K, or vice versa, and the 3 At. 0 horizontally around the points 
of contact. Similarly with KO,SO’, excepting that in this case, the 
4 At. 0 are placed in a square round the point of union of KS, so 
that a double four-sided pyramid is formed* The tendency of the 
heterogeneous atoms to approximate as closely as possible, causes them 
to assume the most simple arrangement that their number will admit. 
That the crystals of sulphate of potash assume in spite of this arrange¬ 
ment of the double four-sided pyramid, a form belonging to the right 
prismatic, instead of the square prismatic system, arises perhaps from 
sulphur having a much larger atomic number than potassium (I., 55, 56), 
and consequently a much smaller specific volume or so-called atomic 
volume (L, 58), in consequence of which the vertices of the two pj'ramids 
are dissimilar. 

This supposition respecting the aggregation of the atoms in sulphate 
of potash, may perhaps terminate the controversy as to whether that 
compound is KO,SO’, or K,SO*, or KS,0*. According to the above 
hypothesis it is neither of the three, but rather KO''S. The atoms, 
indeed, are united in such a manner that we cannot say which of the 
oxygen-atoms belongs to the K, and still less can we assert that the 40 
belong to the S and uot also to the K. At first view, it might appear 
that the third formula, Kf!,0*, is admissible^ hut in sulphide of potassium, 
the K and S are probably more closely united than in sulifiiate of potash, 
in which the four surrounding oxygen-atoms interpose themselves to a 
certain extent between the K and the S. For tho rest, until the above 
hypothesis shall have been put to the test of experience—which may best 
bo done by comparing the crystalline forms of salts with the assumed 
form and arrangement of their atoms—preference must bo given to tho 
first of the three preceding formulm, viz., KO,SO’, inasmuch as it has 
always been adopted hitherto, and in the rest, the objections outweigh 
tho advantages.—Oil of vitriol would, according to the same hypothesis, 
he similarly constituted, the K being merely replaced by H, &c. 

This theory may perhaps lead to an explanation of the three isomeric 
states of phosphoric acid. Tho greater the number of atoms of any base 
(including water) which approach the acid—the metal of that base having 
a tendency to approach the phosphorus—tho more are tho oxygen-atoms 
surrounding the irhosphorus thrust aside, and compelled to take up new 
positions with resjrect to tho phosphorus and tho metal. If now tho 
phosphoric acid combined with 3 atoms of base, be deprived, first of ono, 
and then of another atom of this base, tho oxygen gradually returns to 
its former situation, from which it had been driven by the action of tho 
base, and the menobasio acid thus produced can only be restored to tho 
condition of a bibasio or terbasic acid, by tho action of 2 or 3 atoms of a 
base assisted by heat or continued for a longtime. NaO,PO°:=NaPO“ 
is perhaps constituted similarly to KO,SO’, excepting that 1 At. 0 is 
placed above the phosphoru.s-atoni (this being supposed to be above tho 
sodium) and another At. 0, below the sodium-atom.—In 2NaO,PO®, wo 

* Readers who wish to make these considerations ns clear as possible to themselves, 
are recoimnended to use Ijnlls of wax v.ario«3ly coloured, ns rppreseiitntions of tlie atoms 
of the different elements. 
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have perhaps P in the miildle; INa above aucl iNa below the P; lO above 
the upper Na, and 10 beneath the lower Na; and 50 arranged horizontally 
round the phosphorus.—In 3NaO,PO°=Na^PO®, we have lO above and 
below tlie phosphorus-atom; 3 At. Na arranged horizontally in a triangle 
round the phosplioru, 3 -atom; and between these 3Na, likewise in hori¬ 
zontal planes, 30 above and 80 below.—Whether the arrangement of 
the atoms, here simgested he correct or not, the adherents of the atomic 
theory must at least°admlt that the atoms are not disposed in a line, like 
tlio letters in a formula, but that, by virtue of their affinity, they approach 
as closely as possible, thereby forming more or less regulai', and generally 
solid figures; moreover, that it is of the utmost importance to make out 
this arrangement, as far as possible, with some degree of probability, since 
greater light may thereby be thrown on crystalline form, isomerism, and 
other relations, and since it is only by this means that wo can hope to 
obtain correct views of the constitution of organic compounds, and decide 
the numerous existing controversies respecting the coustitntioii of rational 
forinulce. 

If now we apply to organic compounds the principles above illus¬ 
trated, by examples taken from inorganic obemistry, and assume with 
Laurent, that these compounds may be divided into organic nuclei and 
compounds of these nuclei with substances externally attached to them, 
we shall find that, in the nuclei, the carbon-atoms must be united with 
the other atoms composing the nucleus, in such a manner as to allow tho 
heterogeneous atoms to approach one another in as many ways as pos¬ 
sible, whereby also a determinate figure must bo produced, as Laurent 
has shown by the illustration given on page 14. 

The nucleus, (olefiant gas)=C‘H', may serve as an example. 

It has probably the form of a cube, four angles of which consist of 
C-atoins, and the four others diametrically opposed to them of H-atoms. 
In tho secondary nuclei, from 1 to 4 At. hydrogen are replaced by other 
elements, To the etbylene-series belong, among many other compounds, 
aldehyde, alcohol, and acetic acid, tlic crude formulro of which are : 

C^H^O-, and C''H^Ok These three compounds may, with some 
degree of probability, he supposed to contain the secondary nucleus 
C^ffO, one angle of the cube consisting of 0. This oubc-suinmit formed 
of an atom of oxygon may be called an O-fole; and the summit diagon¬ 
ally opposed to it and formed of carbon, a 0-pole, According to this 
supposition, tho rational formula of alcohol would be C*H’0,H’0, consist¬ 
ing, in fact, of the secondary nucleus, C*H^O, with 3H and 10 externally 
attached. The 3H, in consequence of their peculiarly strong affinity for 
the 0, are disposed on those three faces of the onbe, one angle of wliich 
is formed by the 0-pole, while the external 0-atom places itself upon the 
carbon-pole, viz., the C-atom diametrically opposed to tho 0-atom of the 
nucleus, because it is most forcibly drawn into this position by the united 
action of the C- and H-atoms. 

The rational formula of aldehyde, determined in a similar m.aifner, is 
C*H®0,H0; the H-atom is attached to the 0-atom of the nucleus, and 
the 0-atom to tho C-pole. The HO external to the nucleus is not by any 
means-to be regarded as water, for the H and 0 are on the opposite poles 
of the cube. Hence the position of the atoms would be niore correctly 
expressed by 0,C‘H®0,H in the case of aldehyde, and 0,C*H®0,H^ in 
that of alcohol; and these formulae will perhaps he preferred, when wo 
shall have succeeded in separating the nucleus-atom from the external 
atoms with greater certainty. 
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Acetic acid, OTPO*, would in tlio mino innim.'r Iw jn 

C'H'''0,riO“, or inoi'o prociMoly, na (P,C‘IPO,I!,”“•'!() ln-iiijj ili>'|>ii i-d nti 
tlioso tliroo liicoa of tlio cidui wliicli poiiaifit only nf .'tinl Il otiiiii •. uiid 
IH on tho 0-atoin of tlio nuelmiM. Tlio nwllltilr^' fiKiini ia tlio .’..iiiif a * 
for alcohol, 

Ether = C^rPO i.-i porhiipM C'lFO.IlII, one of (lie cMorinil IPat oi ) 
boiiifi: iihiccd upon the O-polo, tho olhor on tho C-polo, 

Those foriuuhi; aH'ord tho nio.st satisfactory oxplnniitions of mmy 
trausforniatioiis in tho othylono-sorh'.s, um tho following ojiitinpli’i 
allow: 

Alcohol, hy tho action of ‘id, in convorlod into nhlohyih' mil ’’Ittl; 
and this aldehyde, hy the further luldilion of t!t), i< eoiiverli'd int'i lo ne 
acid. Tho first ^ At. 0, tojfiither with Itll out of tho llii'eo ovi'-iod 
H-atoins, form 2110; tho third of llioso oxiornal H»iilont« is {r.intlt'tir.l 
from tho cuho-faco to tho 0-iitoni id' (ho iincleiin, mid in this iiiiiiio-r 
aldehydo is formed. If 2 () nioro iiro added, Ihev di po re Ihein-elM-.• on 
two of tho cuho-faces, coiiMi.slin;^' only of (' iiml II, whih> the tl nioio 
attaohod to tho C-polo is transferred (o (ho ihir.l ciiIm-I nei., ami thisi 
aootic acid i.s formed. 

2. When acelio acid, C'lI'D', is neiitrali/ed niih poi.i .li. the li.jm 1 
evaporated, and tlio re.sidiio well dried, u eoniponnd is 1> It, nlneh m n !., 
donotod either, aceordiii;' to litiiireiil'N svsteiii. le. i’'tl‘K,ti*, or, i»e.-..|.i.i, 
to the biliary theory, as KO.C'll't)' (i.e.,ii'. n eoiiipouiol of (...{> b ui ;> 
hypothotically aiihydroii.s acetic ncid). Thii com|iound, iiee..i.|ii).' i ■ i.., 
Viow, is C'lf'O'iKO', or ()’,C'‘lb'0,K : (hat i ■ to my, the e%ieiiii»! nti m I! 
is roplaeod by K, witli formation of water; whereas, aecor liie' i • I.mt. i.t 
more recent system, all tho 11 uloms am siimili'd in the nin l-'n i, asol it ■ 
K enters the micleiis, (nhin;^ llio ]diieo of the 11, yiiMiiii; (t''ir'K,n*t, 

If the componiul C*I1’K,C)* bo aj'uin evuporatisi to diuie.;» with n fu-di 
portion of potiish-sobitioii, no moro nnler i-. formed or rbnnii.ti I ib.' 
potasli, amounting to moro limn I At. for 1 At. of iin tie a. ol, «m .-n-i 
porfoetly nnnUorod. Ilow is it now Ibal tlio pol.t inin eau t> |.l.» 1 \« 

II, and not the otinir three? This peenliurity is eviibiiiie.l when odopt 
for aootio aoUl tho formula C'll-'f),IK)’. Only the one 11 atom wbub m 
oxtornal to tho miclons, can bo roidtireil by ptiliissiniii ; dm .1 
within tlio mudous cannot. As wilii pntiwli, so in it Itbtnvi.o will, j!, . 
other iiiotallio o.xides eonsi.sliiif{ of It) and I Molnl; mo! a. witb.o.!,- 
acid, so is it willi tlio rest of tlio nioro dolinile nionob.i ie aeof. 

3. An ()]i]ionito relation is np|iari’iil in the aeiion ol ridoiin,. , 

acid, Eor, nmler eortain eircniitslane.-., tl At. t'l and l'*ll'ti‘ 

IlCl, and (dilorucelie aeid r-CIKT'O', tlireo ntoiU' ol ehbnuo- taifiE.,' 
tlio place of tlio tlireo hydro^'on atoms, wbieb ate eoiiwiiod ini.. lit 1, li.b 
oliloracQtio acid thus birmed is md- uttered by roUt.n i v.itb n Us,*, « 
(piantity of olilovine. In this nee, it i« obvioii«‘ that the 11 wht 1, 

is roplacoablo by a metal, ramiiiiiH nimltored; for ibo eld»r«r..iie «. ol. 
wlion nontiulixed with potiisb and ovapnrnusl, viebl« t‘*t‘|*Kl»*, wisb 
separation of 1 At, IK). Kenc.o nhluraeoiin w;td is (.**tT(IJKi‘ «(, j 
chloracotato of potash is G*C1’0,K0’, 

This dill'eronco of ooiuporlniuml boUvowi tlm mio if •!., 

other three is e\-iilaiiiO(l by their ilifromnl nrmnj'emeiii. The , a.... J 
atom wliicli eiin bo reidacod by a metal, tinudie. oidv ih- ii it-.,,, ,.i u- 
nuelous; and when it eombinoH with Iho onjyen of » mrt.dbr i:,.| 

o.scapos in tho form of water, the inotnl iiftaehei it,-If t>< ili.-t> t?.., ,”.! 
Ibo nucleus, 

Yoi„ vn. 
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Moveoyer, in cousetiuenco of the very close proximity which exists 
between the simple atoms of an organic compoimcl, it is probable that 
the result is determined, not only by the affinity of tho atoms Ijring 
immediately together, but also, though in a less degree, by that of the 
more distant atoms; and therefore, in the present caso, not only by tho 
affinity of tho 0-atom in the nucleus for tho hydrogen on the one hand 
and tho metal on the otlier, hut also by that of tho more distant atoms of 
C and H in the nucleus, and the three 0-atoms external to it._ 

In all cases in which a metallic oxide forms with acetic acid, the corn- 
ponnJ C^PPMO^, the action being attended with separation of water, wo 
may imagino that the affinity of the H for the 0 of the metallic oxide 
plus tho affinity which the compound C'‘H“0,0® (i. e., the acetic acid 
nunus the external atom of H,) exerts upon tho motal through the 
medium of the oxygen-summit of the nucleus, plm the affinity of heat for 
the HO, tending to form vapour with it (in case of heat being necessary), 
is greater than tho affinity of the metal for tho oxygen plus the above- 
mentioned affinity of the C*H*0, O’ for the II. Similarly, with other 
acids. This separation of water does not take place with every acid and 
every metallic oxide; in many cases not oven at the strongest heat. 
Metallic oxides appear to he unable to act on the three H-atoms of tho 
nucleus, because those atoms are immecliatoly surrounded by carbon- 
atoms, which probably have much less affinity for metals than for 
hydrogen. 

On the other hand, chlorine does not act upon the Il-ntom external to 
the nucleus, because tho neighbouring 0-atoin has a very strong affinity 
for the H, and very little for the Cl; or more exactly: the affinity of 
C’H’O, O’, as it acts at the 0-pole of tho nucleus, for H, is greater than 
the affinity of the same to one atom of chlorine -p the affinity of anothor 
atom of chlorine for the H. But the chemical relations of the chlorides 
of carbon, show that the affinity of chlorine for carbon is somewhat con¬ 
siderable ; hence it is possible that the affinity of 3 At, Cl for 3H of 
the nucleus phts the affinity of 3 other At. Cl for the C-atoms of tho 
nucleus may overcome the affinity of 3H for the latter. 

4. When chlorine converts alcohol C*H’0,Ii®0 into chloral, C'^HCl’O’ 
= C^C1’0,H0, two atoms of chlorine first abstract 2 At. H oxtcrnal to 
the nucleus and leave aldehyde = CfiH’0,H0 (tho third external atom of 
hydrogen, being at the same time transferred from the cube-surface to 
the 0-atom of the nucleus, is thereby withdrawn from the influence of 
the chlorine); afterwards 3 more atoms of chlorine abstract 3H from the 
nucleus, and 3 other atoms of chlorine take their place. The product 
thus obtained is chloral = C*HCP0’ = C*C1’0,HO, in which, thereforo, 
as in cliloracetio acid, the secondary nucleus CBI’O is converted into 
CCl’O. Liebig {Ann. Phat-m. 1!), 274) gives to aldehyde and chloral the 
formulm C'‘H’0,H0 and C'‘0I’0,H0; but ho regards the PIO as water 
actually formed; whereas in my view, the H of the HO is supposed to 
be situated at tlie 0-pole, and the 0 at the C-pole of the nucleus. 

5, Alcohol heated with excess of oil of vitriol is resolved into 2PIO, 

and olefiant gas = In this cose, the predisposing affinity of tho 

sulphuric acid for the water causes the 0-atem iu tho nucleus and tho 
0-atona external to it to unite with 2H to form water, whilst tho third 
external atom of H takes tho place of tho single 0-atom of the nucleus, 
and thus reproduces the primary nucleus; 
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Witli a Binallor qiiautity (if oil of vitriol, tlio iirodtii’ts iin’ i thi-r uml 
only 1 At. M'ator= lii tliin cioo, only in nii.l 111 

oxtonuil to tlui iiucloiiH ooinliiiiu to form w'.ilor, iiiul UH i'<’m!nii » iilnmi ii. 

C. When oliloriuo a(jtH n]ion iIiIm ollior ^ (‘‘ll'O.HIt, llii'Ci' ut<' joi. 
(liicod; ilivst, tlio ooiiijionnd tl'll-'f),ll(‘l (llio II 1*' 1*"' n •!"' 

Cl to tlio C-polo); Hoooiidly, C*1 l-'(),t:l''fllitU tlw oxii'niiil ntum id Itydr.-p ii 
at tho 0-polo in in thin oano alinlraolod liy Cl, whilo tin' witoi' i!<»' > in4 
take ))lucio in aootio aoid, iniiy, lu'cliupn, Im I'xpluincd tiv tlio ♦■t.if-iilnn 
tion, that in tlio lattor, thorn am :i tl-alouiN to woitkon llio attnn'in«n *4 
tho C and II in tho luiolonH for tho Cl n hioh noolv-i to phioo it adi at tli" 
0-])olo); and lantly, C‘C1''0,CI''‘, tho till in tho mii'loui Imini,' liUMmiio 
rojihiooil liy ohlorino. 

7. Strong' hydroohlorio u(;id liniitod nith uU'oliol fono’i liydirn'ldwrio 
otlior = C‘H*C1, with Hoparation of Ullt); or, 

Cill' 0 ,ll''() I IlCI (nil'Cl.lltl I 'Jlio. 

lloro tho oxtornal 0-aloni uniloH with an o\|i'inal II atom, and (ho 
0-atoni of tho nnclonH with (hn II of llin hydnu hlui jo a. Id fo toiio 
whilo tho Cl takoM (ho )ilai'o of tin'll aloiu in tin' nin'lnii, 

h. I'inally, (o cunnidor oiio of ihn iini»t cnniplii'al*'I n > n o dm Imimi 
lion of a ('(ini[i(mitd othor; Almdiol and aci’tii' imid Imm Al. naini and 
1 At. aootio other, tho dooonipoMitioii, uroordinj^ t" the einpitteal lotiOMln , 
taking plaoo aa follinva: 

(.'‘(("(H I Clt'iJ* ( “ll-di ( '.'(Ui. 

Iforo wo nilINt wuppoan that (he |•|lrhnn pole id the alenlnd apprmn hi 
tho oxygon-poll! Ilf (ho aootio arid, tm liiul the l.irmi i in«y gun up d,,. 
oxtornal 0-atom thorn aitimlod to the evtormil II atom on the (t j.>.|e .,| 
tho aootio aoid; in tho mat plaoo, (ho nlonhid and in otio aoid a i nhe 
faco of tho imo hoing tnrnod Inwanli a oiiho laon nf i|„, i.iher miut 

tarn rmind in aiioh a inannor, that the C polo nf the ale.dod iind ii.«> 

O-polo of tho uooLio aoid may mtnn anny Iteni eiio ain.dm, and d.e 
t)-polo of tho aloohol and tho C jmli! nf tho aretio aeni appii.siih «.iin 
anothor. In thio movomont, tmunf tlm ihroo oxtoriiai II litnnio) *i(iirr*<uM>t 
ing tho O-polo of tho nlcolml, oomoH in onnUn'l with nart nf the tatej-Kul 
0-atoms Hiirrounding tho C-pnlu nf tlm nontiti aoid; tlm-io ntnimi mnie mi 
I ho form <if a soonmi atom of wutnr. and ant climlimti d; and the , ii!... 
taco ol tho alooliiil Ihorehy oxpiee.I alluohei iimdl tn (he niniiiliane n-ly 
oxpoHod oiilio faoo of (ho aeedo aoid; ainl in thi. ni.inin i j A( 
othor is prodnoeil. Ileiiro (Ida onnipniind, heing fninn l Je, d.,. 

IKiHition 111 two onlios, has (ho furm nf a hi|ituio prnon, tin iw,. i|„., 

opposite) latoral odgon of tliiii pri-.m. llimn are min.,led »i» ma, 

HUpposiiig tho aootio aoid (n ho at tho t.-n, t'llCli. ..ii il,.. ih.rd ut'llt*' 
on tho fourth: IlCOC. On tld« In.-l oih<o, Imwever. tlmre mre 
two oxtornal O-utmiis holiiiiging in tlm (lootm aei,l. m i|,e i„j,. ,,,4 
oxtornal lI-atomN, holoiiging to tlm alcnluil, at ihe hniinm. «.* ih;»i ihii 

odgo oxhihlts llio following nrningmiu-nl; n[Jcti|jc (i|,o 

thorol'\'o* I” iMJlually at ti.p*. "Ih. , , 

t;'ji»o,iP'o f cnini,iia» aiio . icii-tMi'. i Mi'.i.d j. 

Aootio othor (lontnins ihorofnrc an alonlml-n., (due Cit'C.ir-e, 
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with an acetic acid residue = C‘H^0,0’. In short, in the formation of 
acetic ether, the alcohol and the acetic acid both lose IHO, but in such a 
manner that lO of the alcohol combines with IH of the acetic acid, 
and ] H of the alcohol with lO of the acetic acid to form 2 Atj. This 
alcohol-residue, although it has the same composition as ether, is never¬ 
theless not identical with that compound. In the alcohol-residue of the 
acotic ether, the two external H-atoms are situated on two cube-faces at 
the C-polej in ether, one of the atoms of hydrogen is placed at the 
0-polc, the other at the C-polc.—Acetic ether, when treated with aqueous 
solution of potash, is reconverted into alcohol and acetate of lootash. 
Here wo may suppose, that the K from the KO attaches itself externally 
to the acetic acid residue, converting it into C''H®0,K0“, and the 0 to 
the C-pole of tho alcohol residue, which is thereby converted into 
CT-PO,!!-©; moreover, that these two products, which have no separate 
existence, decompose IHO, the 0 of which is employed in completing 
the formation of acetate of potash, C*I■^^0,K0^ and tho H in completing 
the formation of the alcohol, C‘H“0,H’0. 

9. Oxalic acid dried at 100“=:C'HO‘; as thus considered, it is mono¬ 
basic, and forma with 1 At. PbO, CTbO^ and I Aq. It may, however, 
ho regarded as bibasic, a supposition probiible for several reasons; and 
then its atomic weight must be doubled. The erudo formula will then 
ho According to tho latter view, it likewise belongs to tho 

othylouo-sorios, excepting that its eocondary nucleus consists only of G 
ami 0. It may thou bo regarded asC‘0‘,IP0‘. The dC are united with 
tho 40 into a cube; the 2 At. H being probably situated on two of tho 
opposite faces of this cube, and 40 on tho other four sides. If INaO 
comes in contact with this compound atom, tho H of one cube-face is 
replaced by iNa, with formation of water, and tho acid salt is produced, 
which, after drying at a strong heat, has, according to tho binary theory, 
tho composition Na0,C-0^-t-H0,C’O’ or Na0,H0,C'0'’, or, according to 
Laurent, C‘HNaO-,0”, and, according to tho vlow here dovolopod, must 
ho written in tho form C‘0'‘,HNa0'‘. When 2NaO comes in contact 
M’ith the oxalic acid, both tho atoms of hydrogen situated on tho opjiosito 
faces of tho cuho .arc replaced by Na, and tho neutral salt is formed, 
which, according to tho binary theory, is Na0,G''0'' or 2Na0,C''0“; 
according to Laurent, C'Na-O-,©"; according to tho view now under 
consideration, C'0‘,Na-0‘.—Oxalic acid with 2 At. alcohol forms oxalic 
ether and 4 At. HO i 

2(Cn-I»0,H“0) + C-iOhl-PO' = 4110 + [2(C’'IF0,1P) + C‘0',02]. 

The process is similar to that which takes place in tho formation of acotic 
ether; 1 At. alcohol transfers tho 0-atom situated at its C-polc, to tho 
H-atom on one of the cube-faces of the oxalic acid; then, as tho nucleus 
turns round, 1 H-atom of tho three which are situated round tho 0-polo 
is transferred to an 0-atom on a second cubo-faco of tho oxalic aoidj 
whilo tho cube-face of that substance from which tho H has boon 
abstracted attaches itself to a cube-face of tho alcohol j and similarly 
with a second atom of alcohol. In this niamior, a square prism is formed, 
composed of three cubes, tho ox.alic acid being in thomiddloj two external 
H-atoms are attached to each of tho two alcohol-residues, and two external 
0 atoms to tho oxalic acid residue (=C'‘0'‘,0®). 

Laurent’s Patoe- or Melhylene-mnGa includes among other compounds; 
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Marsli-gas=C^H*; metliylio etlier=C^H^Oj wooJ-spirit=C*H'‘0^; formic 
acid C-H“0‘, In this casoj we may suppose that metliylene has the shape 
of a square table, the four corners of which are formed of a C-atoin and 
an H-atom alternately. In marsh-gas, two more atoms of H arc attached 
to tho nucleus, making of tliese 2H, one is attached to the 

upper, tho other to the lower surface of tho square table; and if tho 
figure bo so placed that one of the C-atoms shall be above and tho other 
below, the 4H will be arranged horizontally round tho point of contact of 
the 2C, so that an octohedrou will bo formed. Metliylio ether, C“l-IO,I-P, 
has for its secondary nucleus a square table formed of 2 C-atoms, 1 
H-atom, and 1 0-atoni jilaccd opposite to tho H-atom, and having also 
1 At. H attached to the middle of its iqiper and under surface; tho same 
construction, therefore, as for marsh-gas. Wood-spirit = C^HO,I-PO, has 
the same form as metliylio ether, excepting that one additional 0-ntom is 
attached to the H-atom of the nucleus, and one H-atom to tho 0-atoin of 
tho nuoleii,s, Formic acid is C^HOjlIO*. .and thcreforo contains tlio saiiio 
secondary nucleus, C^HO; an 0-atoui is placed above and below at tho 
middle of the square table; also 1 0-atoin with tho H-atoni of tho 
nucleus, and 1 H-atom with the 6-atom of tho nnclcns. Hence it appears 
that wood’.spirit and formic acid have exactly tho same structure, corre¬ 
sponding oxtei'iially to an acute squ.arc-basod ocloliedron, oxcopling that 
in wood-spirit tho base of the figure is formed of 20 and 2H, and in 
foniiio acid of 2C and 20; just as (p. 33) tho striictiiro of an atom of 
alcohol is similar to that of iin atom of acetic acid. When foniiio acid = 
CHlOjHO^ is converted by PhO into HO and foriniuto of load = 
CHIOjPbO’, 111 ! atom of Pb i.s introduced into tho place of tho H-atom 
attached to tho O-atom of the nucleus. 

These examples taken from tho ethylene- and the nicth,ylono- series 
may suffice, for tho present, to give a geiiornl idea of tho view which I 
entertain of the constitution of organic comiioinids. With a few excep¬ 
tions, it is essentially the same a.s Laurent’s luiclcns-thcory, and may ho 
regarded as a further extension and coiifirmatioii of that theory by an 
investigation of tho relative positions of tho olomontary atoms. Even if 
tho data of this investigation are defective or orronoons, I <am yot con¬ 
vinced, that all theories on tho constitution of organic conipoiiiids, and 
all controversies as to this or tliat modo of writing rational forimilio, if 
not supported by a plausible arrangomciit of tho componiul atom, will 
aid us but llttlo in tho acquisition of correct ideas. Look, for iiistauco, 
at tho controvci’.sy rc.spccting the constitution of ether and alcohol 
hotwcou Dumas and Doullay on tho oiio side, and llorzolins and Liobig, 
on tho otlier. According to tho former, other is a componiid of ctlioriiio 
with watcr=C'‘H'‘,Aq., aud aIcohol=C‘rP,2Aq.; according to the latter, 
the hypothetical radical, ethyl = CLP, forms with 0, the oxide of etliyl= 
other; and this, with tho addition of 1 At. water, forms the hydrated 
oxide of ctliyl = alcohol=CHPO-l-Aq. Now, on comparing those views 
with tho explanation given on page 32, it appears probable that neither 
of them i.s right. At all events, neither ether nor alcohol can ho sup¬ 
posed to contain water ready formed; they are not hydrates; if so, they 
would surely give up this water to burnt lime or baryta, wlilcli, liowovor, 
is not tlio case. Neither is ether converted into alcohol by solution in 
water. On tbo other hand, ethyl is a fictitious compound (seep. 12), 
supposed to combine like a metal with oxygon and with chlorine, form- 

a rvtvmtia + flirt riYirlna qy\A rtlilnriflnfl- Thus 
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liVclroclilorlcctlier=C'WCl(=C‘H=Cl,lP. (?®.) Is vogardod as oWorklo 

of etliyl; but it does not precipitato silver-solutions, &c. 


11. PoBMATioN OP Organic! ComrouNos. 


Wo have to distiiiguiali bohwcon tlio formation of tlioao coiiipnnmla 
from inovgaiiio matorials, and tlioir formation from a provioimly existing 
organic substnneo. 

1 . Fornmiion of Organic Conipo^inds from Inorganic Makriah. 

This process takes place cliiefly in living plants. Vogotablos olabo- 
rato tlie greater part of the organic compounds of wliicli tlioy consist 
from the inorganic materials pro.snntod to tlioni; cliiolly froin^ watoi', 
carbonic acid and ammonia. In tlio groon parts of idants, dni'ing tlio 
presence of light, decomposition of carbonic acid, and, l.o a coitain extent 
also, of water, is constantly going on; and wliilo the whole ()r_ a part of 
the oxygon is given off in the form of gas, the ronuuning portion ontors 
into an organic compound. 

Thus, wo may suppose that, for tho formation of oxalic acid 
(=;C‘I-PO®), 4 At. OT and 2H0 aro roquirod; 4CO“-|-2lIO = C‘IPO"’; 
and when 20 arc evolved, thoro romains C''IPO"=oxalio acid. For tho 
formation of common sugar (supiiosing that coin])mind = 0“‘IP-0'"), 
24CO’‘ and 22HO aro roquirod; if tho 24C0''‘ givo all thoir oxygon, viz. 
480, there reniain 24C, which, in a manner not yet oxplainod, combine 
with tho 22H and 220 of tho 22H0 to form sugar. -In othor casos, 
oxygon appears to bo given otl’ from water as well as from carbonic acid. 
Tims, 2000“ and ICHO, when they givo off all thoir oxygon, yield 200 
and 16H, which unito and IVirm oil of tnrpontino.—To give an oxamplo 
of tho manner in which an azotizod body may bo conceived to bo formed 
in a plant, wo will suppose, with Mulder, that protein = C'‘'’IP'N®0‘“. In 
that case, 40CO“, 16HO, and 5 ammonia, will bo roquirod to form it, and 
from these compounds 840 must bo separated : 

4000“ + lono + DNIP — 840 = C<nP’Ni>0'“. 

Numerous transformations of one chemical compound into another 
likewise take place in living plants as well as in animals. [For fmalier 
details on tliis subject, vid. Chemical Physiology qf Plants and Animals.'] 

Art is but raroly able to produce organic oorapoimds from inorganic 
materials, but is competent to transform a given organic compound into a 
great variety of others. 

The following aro examples of tho artificial production of organic 
oorapouhds from inorganic matorials. 

1. Although nitric acid is genera,lly produced by tho decay of azotizod 
organic bodies, and ammonia by thoir decay or dostruotive distillation, 
both these substanoos may nevertheless bo formed by processes purely 
inorganio; a mixture of 2 vol. nitrogen and 5 vol, oxygen gas, subjected 
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for some weeks to tlie action of tlie electric spark, wliile standing over 
water, yields aqueous nitric acid (II., 387). When tin is acted upon by 
aqueous nitric acid, nitrate of ammonia is formed, together with, other 
products (TI., 418). If this salt be then converted into sal-ammoniac, 
the latter intimately mixed with black-lead and lime or oxide of lead, 
and the mixture heated in a retort,—or, if a mixture of ainmoniaoal gas 
and carbonic oxide bo passed through a red-hot tube, &c., hydrocyanate 
of ammonia passes over, and the hydrocyanic acid, which is the first 
organic compound thus formed, may afterwards be converted into several 
others. Thus, tlie hydrocyanate of ammonia, distilled with dilute sul¬ 
phuric acid, will yield aqueotis hydrocyanic on saturating 

this compound with mercuric oxide, crystallizing by evaporation, and 
heating the resulting crystals of cyanide mercury=Hg,C-N, by them¬ 
selves, wo obtain gaseous cyanogen—. Finally, on passing this gas 
into aqueous ammonia, by which it is abundantly absorbed, we obtain, 
among other products, oxalic acid and 9i)’e«= The 

aqueous hydrocyanic acid, heated with sulphuric acid or with potash, is 
resolved into ammonia and fomnic ac!cZ=C-Il'0'h Besides these com¬ 
pounds, there may bo formed from the hydrocyanic acid, paracyanogon, 
cyanurio acid, sulphocyanogen, mcllon, and various other organic com¬ 
pounds. [For fui'thor details, vW. Cyanogen.'] 

2. The carbon in cast iron yields organic compounds when the cast 
iron is treated in various ways. 

a. When cast iron is dissolved in dilute sulphuric or hydrochloric 
acid, a fotid gas is evolved, the odour of which is flue to the vapour of a 
volatile oil mixed with the gas (V., 21C, 217). Part of the Iiydrogon, as 
it escapes from the water in the nancent slate, appears to combine with 
the carbon separated from the cast iron, to form this oil. The vapour of 
the same oil appears also to bo mixed with the offensive, empyreumatic, 
fatty-smelling hydrogen gas which Kastnor {Kastn. Arch. 2, 230) obtained 
by passing vapour of wator over cast-iron nails (previously softened by 
ignition between ferric oxide) boated to redness in a gun-barrel. 

i. When cast iron is thus dissolved in sulphuric or hydrochloric acid, 
a residue is left, which, besides graphite, contains a brown, mould-like 
substance, soluble in potash (V., 216, 217). A similar mould-like sub¬ 
stance is loft on dissolving cast iron in nitric acid or aqua-regia (V., 216). 
Part of this substance passes into solution with the ferric oxide; is thrown 
down, together with the oxide, on tho addition of ammonia; and may bo 
dissolved out from the iirecipitato by boiling wator or aqueous potash. 
(Berzelius, i/t/An7id?M?,r/«r, 3, 128; also Scher. Ann. 7, 234; further, Lclirb. 
Aufl. 5, B. I., 739.) In tho formation of this mould-like substance, the 
carbon separated in tho nascent state by tho solution of tho iron, appears 
to unite with H and 0 derived from tho water. 

0 . When the alloy of 1 pt. platinum and 100 steel (VI., 336) is dis¬ 
solved in dilute sulphuric acid, and tho insoluble residue, containing 
platinum, Iron, carbon and hydrogen, is boiled, there remains a blackish 
substance no longer soluble in the acid; this, after being washed and 
dried, detonates slightly and with a faint light at about 200°, and, ns tho 
boat gradually rises, decomposes without further detonation. The same 
substance dissolved in aqua-regia yields a very large quantity of platinum 
and a small quantity of iron. (Faraday and Stodart, Ann. Chim. Phys. 
21, 72.) In tho production of this phenomenon, there is doubtless an 
organic compound concerned, probably containing hyponitrio acid. (Gm.) 
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3. Tho carbon contained in bisulphide of carbon i-i al-o ea|sif,!a ,,f 
yielding organic compounds. 

a. When tho anomalous compound CSCl-0% dibcovcn <l l.y 3^; ., 
and Mavcetj and produced by the action of cUlorino ami water < :i l.c ji- 
phide of carbon (II., 337), is digested at a gentle heat with barvt i 
a solution of BaCl is obtained, together tvith a baryta-^alt j- 

Ba0,C-CPS=0"=C-BaCB,S=0“: 

2(CSCl-0=) +2BaO = BaCl + C-BaCi\2S(>\ 


The acid of this salt has-, in tbc micombined sUito, the f iiu .'j, 
C^HCP,230^ Now this acid may, by tho action of re-a- ‘at^ •.-.Ineh 
abstract chlorino and substitute hydrogen in its jdace, e.;/., by aiu'-, an 3 
by tho electric current at the iiegsitivo pole—be fir.^t coriven* i i>jt 
C-IPCP,2S0’, then into C-lPCl,2,SO®, .and liiitilly into CMI‘,2.Si) . A.l 
the.se acids may bo regarded as conjugate acids containing for t v. rv’ 2 At. 
.sulphui'ic acid, 1 At. marsh-gas=CPli*, in which the liydnigen i- | irtiy 
replaced by chlorine. 

If, now, we regard this substance C-H‘, thus combined with tlie huI- 
pburic acid, as organic, we must conclude that an organic pr<wlurt las 
been formed from inorganic materials, and tho qucatiou then ari-'s, Bhero 
does this formation begin ? fs sulpliido of carbon an organic coinj. jumlrr 
C-S^3 Or is Berzelius and Afarcct’s compound to be rfgardr.d a, 
C-GP,2SO', i.a., as a compound of sulplnirous acid with an organic < liIorid.j 
of carbon 1 Or doe.s tbc organic formation begin with the four 
above mentionedl Tho first and second of these suppositions are tho 
most probable. The peculiar camphor-liko nature of the CSCid i' iucHuci 
us to suppose that this compound is organic. But there are abo many 
reasons for regarding even sulphulo of carbon as an org.inlc com{Mmuil. 
Its specific gravity is umcb less than the moan between the »ficcihe 
gravities of its constituents (I., 72), and there is no exanqde of such 
o.xpansion in tho case of an inorganic compound. It likewlsQ • xlubiti 
reniarkably great volatility in comparison with its constituent elemeut'^. 
Lastly, it yields a number of other organic compounds (r-id. in/. 6 and r). 
But, if sulphide of carbon be regarded as an organic conqKJund, we lo«> 
tho analogy which this substanco and carbonic acid oxlubit in tbmr Kalmc 
compounds. Carbonate of potash = KO,CO=i but sulphocarbonate of 
potassium will no longer be KS,CSy but 2KS,C"S‘, &c. Hydrosulpho- 
carbonlc acid CHS’ (II., 20C) would then bo the aetd of thi.s pot^mira- 
salt and =CPH»S«. On such a supposition, tbo analogy can only 
restored, by doubling tbo atomic weight of carbonic acid, and thereby 
converting it into a bibasic organic acid: Mimocarl^nato of 
2K0,G’0* ; bicarbonate of potasb=KO,HO,C’0 . But carl^nic acid 
does not exhibit any real similarity with the organic acids, which, lu the 
free state, contain a number of atoms of hydrogen equal to the isuml«-r 
of atoms of metal which they take up to form a salt; there w no m-d 
having tho composition C»H’0« or 2H0,C’0S and analogous to hvdrowi- 
phocafbonio acid. Lastly, if we regard carbonic oxide as C O , 

L C’^CBO’’ and suppose that cast-iron, a substance formed at a whife 
heat contains (togeOior with free iron) an organic compound of C am 

.sr t . 

must bo decided by further investigations. 



b. When vaiKjiir of Bulj.hWe of far>**o i- t-v;*'.K*'r with 

chlorine, through a re«l-hnt jKirrekin taW. ehl' riik of «arnl 
chlorido of c!irl»ou=CCi' rC'-Cl*, •’fW.] are pr<xlac‘'*l, tli>: littiT, when 
purifiod and by it-elf a red k?! tuk\ yiclda 

clilorino gas and a tnixturt! of CCi aui and f'li’; for 

compounds containiti" but few atom->i,f rarkm may k- ro 3 »eri*'d by a red 
heat into compounds eontainiu;: Uia?!y c irl.-jn-atim;-!; #V”» i Thi^ CCI 
j^C‘Cl‘] being covered with a 'tr.Uatn'i.f water, and espied to .un'diino 
in a bottle filled with clilorino, i<r tin' no -t i-arl c-nverte'd into 
C"CF [^C'Cl"], but part of it is trui-fonm. I into rhl. ra<>'to- .o-el ^C‘HCI‘0']. 
(Kolbe, Ann. PhnrrA. 54, 117, aiii f'li. By the a'imn of paitodum 
dissolved in mercury and n!-) by wat, r. thi- < hionv. t.-- u i l may bo 
converted into ordinary a'etic = X. .lioi. I'kim. 

Pkyi. 10, 233.) Tbu.s aeetk acid is f»ni; :d {roisi of carbon. 

This acid may then W out* rud into a< et< :ie. t' U u , csiisjdyi, and 
various other organic coinpiiii. I-*. 

c. Aqueous ammonia, with ■ dph!'! ■ <.f c irh-;.-, f n;;- hydr-i-ulpho- 
cyanate as well a-s hydro-. dpbMC.itU'U.iti- - f ’.nna ’.i. i 

4. When potas-iuni i- pr.qeirvl by .li-tiiiiti.' enri- u it. i f p.rt.i-h witli 
charcoal, tlie carbonic oxide ms a-s it i -ca}"'-, c irra-; v. ,:,U it a yellowish 
grey vapour which condcu.-cs in the foriu of a vcllossidi grey .substance 
in the delivery tube (III., 7). Tlii.s sul -lautv di.-odvcs ia vratcr, forming 
a reddish vellow solution, from wliich i (iiu.; Hei'cn. t /o. ondfe 

(fjui.), and ojc't.kfe of potash (Liebig, .vviir. 47. HI. al-i 'f'tj. I’hurm. 
15, 141; Gm. l‘oyy. 7, 525; u!mi i'J.Hi'ni. l."<, I l"l laay be obtained. 
Moreover, the dark brown niothcr-liipior of these .'.ill-coiitiun.s a large, 
quantity of a potash-salt, the acid of which is i.r some einiilar acid, 

together with buiall quanities of tf-einte of pitash./ccwio.v of jmtash, and 
cyanide of jtolasaium (Gtn.^. Ttirtnife of {joiash, the pro«ei!cc of which 
is mentioned by Iiiebig. I w-as not able to find. Since, avcording to Liebig, 
rhodiainate and crocouatc of i«ilash may likcwl-e be obsaiticd by j>aii.sing 
carbonic oxide gas over heated potassium, it follows that the.'C aciila are not 
formed directly from the charcoal or from the rock-<til n*ed in ibe prepa¬ 
ration of the potaseinm, bat by the action of poiassium-va|tt>ur on carbonic 
oxide gas at a lower tetnjferature. 

5. Wood-charcoal lioiled for feme time witli ddatc n'tr'c aci.l, dis¬ 
solves and forms a brown liqiii.l. which, cn evujc.rut: .u. b uve- a brown 
extract soluble in water; it pn.cipit.ite- a suliiti ..n "f glue, and i- there¬ 
fore called nrliicinl lannin. (Hatchett.) The .-ame rcacti' U is obtained 
with charcoal’prei>ared from inorganic sub-iauccs, vit. by docom;H)iing 
carbonate of soda with pho-sphorus at a red heat ^Gm. 

DSbereiner {Okm's I An, 1817, «. 576; further, h’ilb. 58, 210) observed 
that when vapour of water ia jiosied in coa-idcniVde quantity over charcoal 
heated to redness in a gun-barrel, the gaa-delivery tul>e Wing surrounded 
with cold water, a gelatinou*, volatile substance, which sincSls like fat 
and is solnble in water, collects in the tuW and ultimately stops it up. 

This experiment did not succeed in the hands of Beraisd and Trumms- 
dorff. (-V. h. 2. 2, 203.) , , , - •, 

A mixture of 1 vol. carbonic acid gas and 1 vot. carinuiic or ot 

2 vol. carbonic acid and 1 vol. hydrogen, plaeol over aqacuin nilution of 
potash, either in the light or in the«*ha4e, does not yield uxaiic acid; neither 
m sugar formed by strongly compressing a mixture of equal measures of 
carbonic acid gas and inar»L-gas. (Doberciner, O'db. 5y, 323; 75, 338.) 
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On the -wliole it appear? that only the lower order of organic com¬ 
pounds, those, namely, which contain but fow atoms of carbon, can ho 
formed artificially from inorganic materials j in the mould-like substances, 
however, which are obtained from cast-iron and in the preparation of 
potassium, a larger number of carbon-atoms is supposed to be present. 


2. Formation of one Organic Compound from Another. 

Many transformations of this kind tako placo in living plants and 
animals, hut art is likewise capable of converting a given organic com¬ 
pound into a great variety of others. Many of these artificially formed 
organic compounds likewise occur in nature. 

The following compounds, for example, may be formed by artificial 
processes ;—Formic acid; from tartaric acid, oxide of ma.nganose, and 
sulphuric acid .—Oxalic acid, from sugar and nitric acid .—Acetic acid, in 
various ways .—Butyric acid, from sugar, by a poculiar kind of fermon- 
tation .—Valerianic acid, from potato-oil, by the action of fused hydrate 
of potash .—Succinic acid, by treating fatty substances with nitrio acid.-— 
The volatile oil iu tho flowers of Spirwa tdmaria, from salioin and chromic 
acid.—The volatile oil of Gaultheria procumhens (salicylate of methyl), 
from salicylic acid and wood-spiiut.— Grape-sugar, from starch or woody 
fibre, by sulphuric acid .—Margaric acid, from stearic acid by distillation.^ 
— Urea, from cyanic acid and ammonia, or from uric acid by tho action of 
peroxide of load.'— Allantoin, from uric acid by peroxide of lead. 

The number of artificially formed organic compounds wliich do not 
occur in nature, is however immeasurably greater. Among these may bo 
mentioned; Mothylic alcohol, mothylio ether, and many other inombors 
of tho mcthylouc-sericsj nearly all the members of tho ethylono-sorics; tho 
members of tho phonylono-serics, &c.j—so tliat, taking into account tho 
numerous compounds in which TI is artificially replaced by Cl, Br, I, Ad, 
or X, wo may say that the organic compounds which can only bo obtained 
attifloially, far exceed in number those which occur in nature. Lately, 
indeed, chemists have oven succeeded in forming artificial alkaloids, c. g., 
mohimino, ammelino, aniline, chiiioliuc, lophino, furfurino, thiosinnamino, 
sinnamino, sinapolino, napthalidani. 

But in most cases of tho artificial formation of ono organic compound 
from another, tho number of carbon-atoms oithor remains the same or 
diminishes, the latter phenomenon being cepiivalont to tho doprossiou of 
tho compound to a lower rank iu tho scale. In somo fow cases, on tho 
contrary, we can by artificial processes, convert compounds containing a 
smaller number of carbon-atoms, into others containinc; a greater numhor. 
If now wo consider that art is capable of producing cortain organic 
compounds from inorganic materials, and in somo cases, also, of increasing 
the number of carbon-atoms in a given organic compound, it appears not 
impossible that wo shall somo day bo ablo to form artificially, many if not 
all tho organic compounds which occur in nature. 

In many cases, however, tho increase in tho numhor of carbon-atoms 
by artificial process is only apparent. ® 

In the actual increase in the number of carlon-aiotns, tho product richer 
in carbon must be a primary organic compoundj tho symmetrical figure in 
which tho constituent atoms are arranged, must not appear like an 
aggregate of several figures, but must have a common centre. 



This actual i'ncroaao in the immhor of ‘carbon-atoms is most readily 
brought about by strong heat. 

AVhen benzoate of liinej is heatod to redness in a retort, or 

when, yapour of alcohol, ether, or creosote is passed through a red-hot 
tiibo, naphthaline, 0“H®, is formed. Hence, C''H“0^, C'-'H-'O, or C'^IPO^ 
yields the carbon of 5 At. alcohol, for example, must therefore bo 

employed in forming 1 At, naphthaline. At a rod heat, carbon separates 
from the organic vapours in the form of soot; and .at the moment of 
separation from one part of the organic compound, it appears to pass over 
to another part in order to form therewith a compound richer in carbon. 
Even if naphthaline be regarded as CHH it will still contain 1 At. of 
carbon more than alcohol; but this formula is inadmissible, being incon¬ 
sistent with the boiling point, vapour-density, compounds, and substitution- 
products of naphthaline: for instance, it would requiro that C^tFCl, 

should bo expressed fractionally: C^Id'Cl*. 

The destructive distillation of wood, &c., yields para!Tlnc)=C^®H“, 
whereas wood is generally supposed to contain only 24 At. C. 

C^Cl'* passed through a red-hot tube, yields in addition to free chlorino, 
two kinds of chloride of carbon, which must he regarded, not as C’CP and 
C“CP, but as C'‘CP and C'‘C1"; for both may, by a process, in which tlioro 
1.8 no reason to suppose that any increase of carbon-atoms takes place, bo 
converted into chloracetic and afterwards into acotio acid, in wliicli tbo 
existence of 4C must bo admitted (p. 41). 

If oxalic acid be regarded, not as monobasic=C^HO\ but as bibasic= 
QippQs, tijQ transformation of formiato of potash into oxalate by boating 
it with a mixture of lime and hydrate of potash, must bo regarded as a 
change of the same nature: 

2(cn<;HO'*) = c'K^o + ip. 

In the same light also, we must consider tbo formation of oxalic noid by 
tbo action of cyanogen, C-^N, on aqueous ammonia. 

In tbo dry distillation of acetates, an onipyrouinatio oil is obtained 
— C'oppo, or more probably whereas an atom of acotio acid 

contains only 4 At. 0. 

Fusel-oil, C“H’^0’, may bo converted, by distillation with phosphoric 
acid at a gradually increasing heat, first into then into C™1-1“'’, and 

lastly into 

Another transformation of the same kind is the conversion of lactic 
acid, CHPO", into butyric acid, CH^O*, by a peculiar fermentation. 

2(C''H"0") = 411 + 4C0" H- CTInO 1. 

Also the brown resin into which nldcbydo is convortod by the action 
of potash, and the resinous and coaly products which oil of vitriol forms 
with many organic compounds, doubtless contain in one atom a larger 
number of carbon-atoms than the compounds from wbioli they are 
formed. 

Ih the apparent incream of thenumher of carhon-atotns, organic compounds 
or parts of them are made to unite, to the number of t^vo or more atoms, 
so as to form a complex product, in whicli the number of carbon-atoms is 
consequently increased. But the resulting complex compiounds, Laurent’s 
Syndemicles, may again bo resolved into the original compounds contain¬ 
ing the smaller number of carbon-atoms. 
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Urea, wlien subjected to a moderately strong beat, is converted into 
ammonia aud cyanurio acid, wbicb latter compound is supposed to contain 
three times as many carbon-atoms as urea: 

3(081-1^0=) = SNII-i + Cni^N^O". 

Hydrosiilpbocyanate of ammonia heated nearly to redness in a close 
vessel, yields Mellon = C“N'b 

Crude bitter almond oil, C“H“0*, is converted by certain modes of 
treatment, into compounds, •which, according to Laurent, contain 2, 3, 4, 
6, and even 9 timc.s as many carhon-atoms. A few examples may serve 
to elucidate this matter. Bitter almond, oil is converted, by the action of 
hydrosulphate of ammonia, into Snlphobonzcne: 

CnH«03 + 2H.S = C“H»S- + 2110; 

And this compound, when subjected to dry distillation, yields, .among 
other products, crystalline laminar of Stilbene = H'ln.s compound 

might be regarded as the hitherto unknown nucleus of bitter almond oil 
and benzoic acid, that is to say, as Benzene = But, according to 

this formula, its vapour -would be monatomic (2 volumes); whereas, ac¬ 
cording to tlio formula it is diatomic (4 volumes). The latter 

view is also confirmed by the substitution-products of stilbenC, e.ff., 
C“H‘‘CL and C’®H“X. In the oxidation of stilbene by chromic acid, 
however, it is brought hack to the degrees of oxidation of honzeno, viz., 
into hitter almond oil, and benzoic acid, C"li“0''. Moreover, 

bitter almond oil freed from hydrocyanic acid is converted l>y aqueous 
ammonia into rectangular octohedrons of Hydrobwizamidc, in 

which 3 At. benzene CU-I'*, are united with 2N. This compound, by 
contact with cold aqueous hydrochloric acid, is converted into hitter 
almond oil and s.al-ammouiac: 

C '-H‘W + GHO + 2HCI = 2(NH''C1). 

In a similar manner, Isatin = C'^tUN 0‘ may he transformed into com¬ 
pounds in which 2, 3, or 6 atoms of it arc united. 

3 At. Mcllitic acid = 3(0*110'*) with 1 At. ammonia form Euchronio 
acid = C‘'*H”NO®, with separation of 4H0; but tlio latter compound, 
when heated to 200° in contact with water, is again resolved into 3 At. 
inellitic acid and 1 At. ammonia. 

Oil of turpentine, exposed to the air, is converted into a resin con¬ 
taining twice as many carbon-atoms; 

2(C^II>») + GO = C">HS'’0' + 2110 ; 

to suppose that this resin has the composition C’“‘II'°0^, would bo incon¬ 
sistent with its slight volatility, and with the proportion in which it 
combines with bases. In this case, perhaps, a real augmentation of the 
number of carbon-atoms takes place. 

The class of Syndesviides likewise includes those compounds which 
are regarded as Acetones in the general sense {Ketones 1). When acids 
containing 40 are made to combine with potash, and the dry salt is 
heated in a retort, o.nrboimto of potash remnins and the acetone passes 
over. Thus 2 At. acetate of potasli are resolved into 2 At. carbonate of 
potash and 1 At. acetone, properly so called. 

2(C*lI»KO<) = 2(IC0,C02) + C'lUO’. 

Here, then, we have a 6-carbou compound produced from a 4-cai'bon 
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mpound, Tho former may, however, ho regarded, as a compound of 
e second order, consisting of the residues of 2 At. acetic acid, viz., 
H‘0-4-0-Ii“. For by the action of oxidating agents, an acid is pro- 
iced containing, not G but 4 C-atoms, viz., acetic acid. Similar observa- 
)ns might bo applied to other products of tho same class (vid. Deconi- 
sition of organic compounds ly fixed alkalis). 

In tho same category must bo included tho various compound ethers, 
rmod, with separation of water, by treating an alcohol with an organic 
id. In these compounds, tho iiumher of C-atoms is equal to tho sum 

tho C-atoms in tho alcohol and tho acid; but they are not primary 
ganic compounds; and when treated with aqueous alkalis, they are again 
solved into alcohol and acid. 

Gorhardt and Laurent, in order to got rid of all uneven numbers of 
oms, suppose that when only 1 At. H comes in contact with I At. of a 
mpoinid, 2 At. of tho compound unite with 2H. Thus, by addition of 
i, alloxan C“H'‘N'®0'“, is convortod into alloxantin, C“[-FN^O"’j chinonc, 
-H*0', into groon hydrochinono, C'^f-PC; indigo-bluo, into 

digo-whito, C'^I-PNO"; they thoreforo write the crude i'ormulic of tho 
'•drogonated compounds as follow.s; C"’ri“N‘0'-°; C''IP”0®; C“H’”N“0'. 
irthor proofs aro, however, required to o.stablish tho necessity of this 
iplication. 


III. PnoPEMiEs OP Ojioanio Compounds. 

1. State op AoaiiEOATioN. •—But few organic compounds, those, 
unoly, which contain but a small number of C- or I-I-atoins, and little 
■ no 0 or Cl; such n.,s C"-H', CIP, G»IP, C^PO, C^IPCl, are gaseous 
. 0 °. 

Tho following aro niolile liquids; Wood-spirit, alcohol, ether, most oom- 
)undothers of the mothylono and ethylene series, acetone, ligaono, &c. 

Tho following aro viscid liquids: Some compound others, most vola- 
lo oils, some fats, many alkaloids not containing oxygon, a few acids, 
leli as lactic acid, certain saccharino matters, such as fflyoorino and 
tm-sugar. 

Fixaniplo of ghdinovs substances aro found in tho soft rosins anil 
.outchouc. 

By far tho greater number of organic compounds avo solid at 0®, and 
nong these the majority aro cryslallitdhle. Several of them may bo 
)tainod both in tho crystalline and in the amorphous state, and in that 
Lsc, they exhibit two dill'oront molting points, tho lower of which belongs 
I tho amorphous state. 

When sylvic acid, lithofelllo acid, oorainon sugar, or amygdalin is 
>olcd after fusion at a gontlo heat, it solidifies in a vitreous mass. In 
lia state it has by no moans lost its power of crystallization, but exhibits 
lower boiling point, which, however, cannot bo determined with pro- 
sion, because tho amorphous mass, before solidifying, pas.sos into tho 
iscid state. Tho molting point of crystallized sylvic acid is 140'’; that 
F tho amorphous acid, between 50'^ and lOO’’; of iithofollic acid, the two 
lelting points are 205° and 105“—110“; of sugar, KiO' and 00°—100°; 
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and of amygdaline, 200° and 125°—130°. (Wdlilei’, Ann. Phavm. 41, 
155; also Fogg. 53, 259.) 

Wlieu part of tlio liydrogcn in an organic compound is replaced by 
Cl or Br, tbe compound sometimes retains the same crystalline form. 
This is tlie case with oxamethano = C^H^NO", and chloroxamcthano = 
C^CWPNO”, (Provostaye). Bcrzolius(/a7irtfs5. 21,402) lays too little stress 
on tills relation.—Similai-Iy the compounds C“H“,C1‘, and C^lFCljCl' 
(the latter being crystallized from ether) exhibit the same form, with 
the exception of slight diircrcuccs in the angles. These small angular 
diflorencea are sometimes produced oven by treating a hydrocarbon, first 
with bromine and then with chlorine, or contrariwise; so that ultimately 
the same compound is produced, having part of its H replaced by 
Br and Cl, only that, in the one case, the Br-atoms fill up the places of 
those Pl-atoms which have first been removed, and the Cl-atoins, tho 
idneos of those which have last boon removed; while in tho other case, 
the aubstitutiou is olfectcd in the contrary order. 

Thus, when naphthaline, C“H®, is first treated with bromine, sc) that 
C^tPBr’ is produced, and afterwards with chlorine, tho final product is 
CauppiBr^CP; but if the process bo begun with chlorine, tho ultimato 
product is C“Pr‘CPBr^. Both those compounds crystallize in oblique 
rhombic prisms; but in the former, tho angles of tho faces are 101“ 30', 
102“ 50', and 101“ 15'; in tho latter, 102“ 10', 103°, arid 101“ 20'. Such 
compounds, possessing similar crystalliuo forms and tho samo stoioliio- 
metric composition, but with tho individual atoms of tho elements in 
difierent places, are cnW^^ lsomeromorphons. (Laurent, Oompt. rend. 14, 
850; 20, 1590.) For tho establishment of this isomoromorphism, how¬ 
ever, further proofs are desirable; for tho small angular differences which 
have been observed may result from iucquality of tho crystalline faces, 
&o, Until tho position of the H-atoms in naphthaline is determined, it 
is impossible to decide whether tho two iiydrogon-atoms first withdrawn 
have a dilToront valuo to tho other two. 

2. Tho Specipio Gravtty of organic compounds in tho liquid or solid 
.state, lies between 0'C27 (tho most volatile of tho cmpj'roumatic oihs from 
oil-gas), 1’75 (tartaric acid), 1’92 (hydriodie ethor), aud 2'237 (iodide 
of methyl). Compounds containing nothing but carbon and hydrogen 
are the lightest; those which are most rich in oxygen, chlorine, bromine, 
and iodine, are tho heaviest. 


Oaladaiion of the Specific Gravity of Liqiiid Organic Compounds. 

-According to tho explanations given in Vol. I., pp. 5S and 74, tho 
so- called Atomic Volume or Specific Volume signifies the q\iotient obtained 
by dividing tho atomic weight of a substance, either .sinqdo or compound, 
by its specific gravity; this quotient expressing, in fact, tho rohitive 
volume occupied by 1 At. of tho substance, togctlior with its thermic 
envelope. If the atomic weight of tho substauco = G; its speoiflo gravity 
= D, and its specific volume = V, wo Inivo 

G = D . V; 

that is to siif, tho atomic weight of any substance varies directly as tho 



as tjio spceinc gravity oi tiie specmc volume, 
further: 


— = V; aud.^= Dj 

D ’ V ‘ 


llie above equation gives 


that is to say, the atoraio tveight divided by the specific gravity, gives 
the specific volume, and the atomic weiglit divided by the specific volume, 
gives the specific gravity. Further, we may assume, according to this 
volume theory, that (with certain limitations), tho specific yoluino of a 
compound is equal to tho sum of the specific volumes of its constituents. 
Upon this theorem, first enunciated by Schroder, depends the application of 
tho volumo-thoory to tho specific gravity of organic compounds, an appli¬ 
cation which is, howovor, subject to important exceptions in particular 
cases, As tho result of these endeavours to calculate the specific gravity 
of a substance from its composition is still very unsatisfactory, it may 
suifico, for the iiresent, to give a short exposition of tho difl'erent ways in 
which Kopp, Schroder, and Linvig, have ondoavoiived to solve this pro- 
hlem. In tliia cx))oaition I shall niako use of tho atomic weights adopted 
in the present work; cousoquontly all numhors having roforenco to tho 
assumption: 0 = 100, H = C'25, &o. will bo altered. 


Kopp's Theory ,—Wo must, in tho first place, dotermino tho specific 
volumes of carbon, hydrogen, and oxygon. The groat variations in tho 
spooifio gravity, and cousoquontly in tho spooillo volume of organic 
liquids, produced hy change of temperatures, render it necessary to fix 
upon some standard tomperaturo; and for this purpose, tho boiling point 
nmlor a given ]ircssui'o ia porhajis tho host adapted. This will be seen 
from the following calculation of tho specific volumes of water, other, 
and alcohol: Alcohol, C‘H'’0^ majr bo rogardod as a compound of other, 
C'^IFO, with water, HO. According to Gay-Lussac’s doterminatious, tho 
spooifio gravities of water, other, and alcohol, nt their boiling points, aro 
O'fiCl, 0'G95, and 0'739; if now wo divide tboso spooifio gravities hy tho 
atomic weights of tho three suh.stanccs, which aro 9, 37, and 4C, ivo 
obtain their spooifio volumes, viz., 9-37, 53’24, and 62-2.5, and by adding 
together tho specific volumes of water and other, we obtain that of 
alcohol very nearly: 9-37-k53-24=62-61. Cousoquontly, 1 At. water, 
at its boiling point, and 1 At. other at its boiling point, tako up to^othor 
tho sumo space as 1 At. alcohol at its boiling point. If now wo tako tho 
specific gravities of those throo liquids at 10'’, or any other toniporaturo, 
tho samo aeoordauoo is by no moans ovidout; because at 10“, or any 
otber given toniporaturo, they aro removed from their boiling points by a 
very dilferont numbor of degrees. But tho agreement still exists when 
tho Bpociflo gravities of tho throe liquids are taken at equal distances 
from their boiling points, e. <j., that of water at 100° —20’=80°j that of 
ether at 35-4“—20° = 1.5-4°; and that of alcohol at 78-4° —20 =58-4°. 
These temporaturos, oqui-distant from tho boiling points, are called covrer- 
spondlng Umpieraiurea, (A’oyy. 50, 371.) As there is considerable difli- 
culty in dotormining tho specific gravities of liquids at tholr boiling 
points, it is best to make the dotormination at o(|ual distances below those 
points, i. e., at corresponding temporatures. This method is not, perhaps, 
quite accurate, bocanso difieront liquids, in cooling a given number of 
degrees below their boiling points, may contract in such a manner that 
tho mutual relations of thoir specific volumes no longer roinain tho samo. 

It is found that, in organic compounds, tbo specific volume of hydrogen 
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is eq^nal to that of oxygen [at least in the same series: for two 

compounds containing ecpial numbers of carbon-atoms, but different 
numbers of liydrogon and oxygcn-atoins,—.the difl’ercnces, however, being 
such that the sum of the H- and 0-atoins is the same in both,—have 
equal specific volumes; e. (/., acetic acid = C‘H'‘0*, and alcohol = C‘‘H“0^; 
similarly, aldehyde = CWO’, and ct-her=C’‘IPO. Hence 1 At. hydrogen, 
with its therjuie envelope, takes up as great a volume as 1 At. 0, witli 
its thorinic envoloiro, altliougii the oxygcu-atoni is eight times as heavy. 

The specific gravity of water at its boiling point is O'SJGIG; and if wo 
divide 9 (tlio atomic weight of water) hy tliis uuinber, wo ohtaiii O'SG as 
tlie specific volume of HO, Assuming then that H and 0 have equal 
specific volumes, it follows tli.at tho specific volume of water must be 
jiroducod from f sp. vol. H=4'CS, and 1 sp. vol. 0=4’C8, 

Tho atomic weight of alcoliol, CH-PO’, is 24-|-C-|-lG=:46; its specific 
gravity .at tlio hoiliiig point=:0'739; ami 4G-i-0’73,9 = 02’2, Hence tlio 
.specific voliiiuo of alcohol is G2’2. Now, in alcohol, 4 sp. vol. 0 arc 
united with G sp. vol. H <and 2 sp. vol. 0; and if from the sp. vol. of 
alcohol = G2’2, wc suhstrnct tho sum of 6 sp. vol, hydrogen and 2 sp. vol. 
oxygen, viz. 8 X 4’G8 = 37’44, there remains 24’7G (C2’2—37’44=24’7G) 
for 4 sp. vol. carbon. Houcc tho specific volume of carbon=iG’2.—A 
similar calculation with ether gives for the specific volume of carbon, tho 
number G’28; and tho mean of those nninbers, viz,, G’24, is taken as the 
real specific volume of that element. (Atomic weight of othcv,C'I-PO = 
24 4-5-1-8 = 37; sp. gv. at boiling point = 0‘G9G; 87—0’C95 = 53'2; 
53'2~G. 4’G8=25’12i 25-12-i-4=6’28.) 

It appears, tlien, that at tho boiling points of liquids, tlio specific 
voluino of C=G’24, and of H and 0=:4'G8. Those uiimbors aro in tlio 
ratio of 4 ; 3; and, cousoquentiy, the sp. vol. of C may bo donotod by 
4 . .1’5G, and that of H and 0 = 3 . 1’5C; and when, by tho cooling of tho 
liquids, tho specific volumos of the carbon, hydrogen, and oxygon coii- 
taiued in them arc diminished, tlio ratio of tho C-volmiio to tho H- and 
0-volmno remains tho suuic, viz., 4 ; 3; wc may suppose, thoroforc, tlmt 
tho 4 and 3 remain unaltered, aud the diminution falls wholly on tlio 
common factor, 1’5G. 

Ether boils at 3 3'7, and from its specific gravity at that tempcvatiirc, 
its specific volume is found to ho .33’2; at—19’3°, that is to say, !i5'‘ 
below its boiling point, its sp. gr. is such that tho sp. vol. is reduced to 
49°. Honoo by cooling 65° bolow its boiling point, tho specific volumo 
of etlior is reduced fronr 63’2 to 49; and the specific volumes of its tliroo 
constituent elements aro simultaneously reduced in tho same proportion, 
viz., C from G’24 to 5’7G; H and. 0, from 4’C8 to 4’32; Or: the common 
factor, 1'3G, is diuiinishod, as the liquid cools down 5.5° below its boiling 
point, from 1’56 to 1’44; for 4 . 1’44=5'70, and 1’44 . S=4’S2. Sinco 
then, hy a reduction of 55° bolow the boiling jioint, the common factor is 
diminished hy 0’12 (1’5G —1’44=0'12), it would appear that for a reduc¬ 
tion of temporaturo equal to J“ tho diminution of the factor must ho 
0’00218; but sinco in caloulatioiis relating to other liquids, tho diminution 
of the specific volumo comes out somewhat less, it is admitted, as a moan 
result, that tho common factor 1 ’56, which corresponds to tho boiling 
point of the liquid, diminishe.s by O’OOIC for each dogreo below the 
boiling point. 

Thu.s, the sp. vol. of carbon, at a certain number of degrees (= cl) 
below the boiling’ point = (4 . i’56 —d . O’OOIG), and that of liydrogoii 
and oxygou = (3.1’50 —d. O’OOIG). For an organic compound containing 
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a At. C, I) 
volinuo at 


At.^ II, and c At. 0, the fonmila for calculating tlio 
a given temperature is therefore: 


specific 


(■l« + 34 + 3e) . (l'5C - d . O'OOIC). 

(^Inn. 1‘hcmii. t>5, 197). The .specific velmnos of C, H, and 0, at different 
< egroo.s below the boiling point, are given in the following table, in which 
tlio miinbor ot degrco.s below the boiling point is denoted by d, and the 
specilic voluinoa of oxygon and hydrogen, being onual, are put toD'othcr in 
tlio same coliiinn; ^ o 



d. 

C 

II and 0 

d. 

C 

0°... 

G-24 

.. 4-G8 

110°.. 

. 5-54 

10 ... 

G-ia 

.. 4-03 

120 .. 

. 5-47 

20 ... 

0-11 

.. 4-58 

130 .. 

. 5-11 

30 ... 

(i-05 

.. 4-55 

140 .. 

. 5-34 

40 ... 

,V98 

.. 4-.19 

150 .. 

. 5-28 

no ... 

5-92 

.. 4-4.1 

100 .. 

. 5-22 

00 ... 

5-80 

.. 4-39 

170 .. 

. 5-15 

70 ... 

.5-79 . 

.. 4-34 

180 .. 

. 5-09 

80 ... 

.5-73 

.. 4-30 

190 .. 

. 5-02 

90 ... 

5-00 

.. 4-25 

200 .. 

. 4-90 

100 ... 

.5-fl(l 

.. -1-20 

210 .. 

. 4-90 


: nml 0 d. C II ami O 
4-15 220°.... 4'83 .... 3-C2 

4']0 230 .... 4-77 .... lA.OS 

4'Ofi 240 .... 470 .... 3-5;i 

4’01 250 .... 4-64 .... 3’48 

3'9fi 200 .... 4-58 .... 3-4.3 

3-ni 270 .... 4-49 .... 3-38 

3-.Srt 280 .... 4-45 .... ;i-.34 

3-82 290 .... 4-38 .... 3-29 

3-77 300 .... 4-.32 .... 3-2.t 

3-72 310 .... 4-20 .... 3-19 

3-07 


From this table, wo may cnleulnto tho specific gravities of organic 
liipiid.s consisting of C and II, or of C, II, and 0 at any roipiirod tempe- 
ratnro, when their composition and boiling points are known. As an 
examido, take acetic acid = C'''ir'0', which boils at 118“. What is its 
Hpccilic, gravity at lO", that ia, at 102" below its boiling 2 ')oint'! At that 
temperature, I s)i. vol. C—tyitHC)', and 4 . 5-585=:22-04; 1 sji. vol. Hand 
0=:4'19; and H . 4-10=3.3A2; Iicnco 22-04-I-30-,12= 8.';-50.=tlic specific 
volume of aeetie acid. If now wo divide the atomic weight of acetic 
ncid=(iO, by tliia nnmlior, wo obtain 1-074 for tlio .spcoiiio gravity of 
ncollo acid at 1(1 Experiment gives 1'0C3, din’ering somewhat consider¬ 
ably from tlio calculated result; many of the cxamiilcs calculated by 
ICopp exhibit similar and oven greater difi'croncos. 

Tlio spooifio volumes of the oilier elements which occur in organic 
liquids are more difiicult to dotcrinino. Kopp estimates that of chlorine 
by calculation from obloi-obonxido, C’Hr'C), as equal to 21-R4 at the 
belling iioint, or 14 (l-.'iC—(Z . O’OOlfi) at other temperatures. The 
specific Yolnincs of nitrogen and snlpbnr are still more uncertain.— 
According to this modo of calculation, any two isonicric organic liquids 
should have equal spocific gravities at cipial distnnce.s from their boiling 
jioiiits,—a result ciiqni-ically oblainod by Aubci-gier with rc.spoct to tlio 
oils which are isomeric witli oil of tiirpontinu. (Ko^ip, Ann. Pharm. 
.00, 71.) 

Bofoi'O publishing the preceding general theory, Kopp had laid down 
tho following particiihu- laws (An?!. Pharm. 41, 79 and 160), which tho 
goneral theory now servos to oxidain: (I.) Tho spoeifio volunio of .an 
aciil is loss hy 24 than that of tho compound ether which the acid forms 
with wood-s))irit, and loss hy 43 than that of tho ether which it forms 
avitli alcohol. The general theory gives for acetic acid tho following 
mimhors; Acetic acid=C'‘IHO‘; acetate of mothyl=C“I-PO'; acetate of 
cthyl=C‘‘IPC)'. Tlio specific volume of ncotloaoicl=4 . 0-24-1-8 . 4-08= 
02'40,- that of acelalo of methyl contains 2 sp. vol. C, and 2 sp. vol. H 
in acldition,=: 12-48-1-9'30=21-84; thesp. vol. of ac.otato of ethyl contains 
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i gp, vol 0 and d »!'• *■*“'■"* a<‘id, llu'i'ofimi 4 . t!'24 -H 

4 4 'B 8 = 43 ’flB. lltmtv. art'«ir«liM^ to tli« tla'i»ry, ncotio iicid 

wlion couvartw!'mill ttW'laUt »'f mctliyl, iiuM'i'siMi'si iu ^|lt■l-iiil• vulumo by 

21'84 and wlimi '‘lln'r, Ity 4il'(iH; iikw ilut law (T) 

onipirically fnaml Ki'fs (la* j»n.r»viiiialf niimbi'M 21 ninl -I!). 

(2.) Tlio KjwpiUn•’'‘''•'y *'ll»yl fi'iiipiiimil Ih by lH-7 

tbanlbat'd llio cumwi'i'n'lin!? uu'ibyl ciiinjiiiuiul.—Nuw iiiilliyi in C^lP, 
ami otliyli O'H*; tin’ Inll*’*'* eoiilaiim iiuiro fliiui tliii 

foriiior; tliia maku’* « • •*'«! b'-l . -1'15 h-^ 2;1‘H1, wbudi'm nut. vi'i-y fur fruiu 
18‘7; Ac. (Kuiipi «<»«/'• n'*" Uuw*kln*r, Amt, rimrm. -Iti, 222); uIhd 
Kopii (6'Aem. Q^- J' >'*• >0^)* 

Bch.r'6tkf^ Thtary.—'^^ttt sijrt*i-ilie vnlmm's tif ('•, It, luiil 0 may Im 
Bupposod to ko ctiinil. and'n*y *"‘l«uln.tcil from tlml of (ilcidml, Tiiw 
siiu8taiioo™C*U*u’, ciitilain*'d «ImuIi1ii titoiiin of (t, •'( tUmblu uIoium of H, 
and 1 tloublo atom of 0, nwkinjj; logulbor U doiibli* aloinH. ['I'lii' ilmiblo 
atottw of H Utiro «|*akt!n of an* Iwiro iw urtml sin tlmm; ii.i.iiuucil by Itor/.o- 
litiB.l If now tbo aUtmio weijfUl -tif tilcobol, *IU, bo lUviilml by itu .sjim-iHc, 
gravity at llie liollln^ jHiini^tciauS, wo olilaUi tJ2'2 for Uio n|H'cill« 
volurao of alooliol at U« iK'ilitig jhiShI; uml iliviilliig tliiw by d, wo liavo 
10'379 for Ibo siiccific vidmuH of u ilonblo sUoni of tt, 11, or 1). Kroiu 
tills, wo may cosily tKilculoU* tin* •.(a'c'iru* vobuno, aiul tbi-nro tlio »iifcillo 
gravity of any organic ci»fw(Hitttiil ooiiHiHiiug of (', It. unit O, fukiiig 
aooount, liowcver, iw in llioory, of llm dislanco from itio boiling 

point; for, at 10‘ below lim Utiiliug |»oinl, llui siicmflc volume of iilroliol 
18 only 10'2C12; at 20 IhsIow tli« point, lO'I'lil; at :ili , lti li22; iit 

40“, 9'905; at SO", B'TM: at C«“, at 70’, tftlOl, Ac.; limicc, to 

obtain tlio spccifio volurao of _l iloiililo atom of C, It, luol t>, iit ii given 
distauoo from tliu boiling point of any tii),uUl, tlioHo numburH miiNt tm 
divided by 0,* 

Example! Wood-spirit, C‘H*fP, boils at liO ; it cunliiiim 4 Bjicrillo 
volumes of double atomsj iu ivlomus woigl!tsal2 + 4+lOrsfl'i. Tim 
spooiflo volnmo of a donblo nlom nk 4t)‘below tho btiiling point of a 
liquid is tl'OOH; lliis, liikon 4 timcN, gives ilB’tiU for tho spccilln volume of 
wood-apirit at 40'below it* iMtUing {soiiil, tlml ia to say, iit 2(1"; niol 
dividing Ibo atoinio »’oigbtisIJ2, by tbo spocillo volnmo, "'!!i 02, wo obiuin 
0*808 fm: Uie sneclfto gravity of wosxl-spirU at 20'; olwoivtilion gives 
0‘788< Most of tbs «tb«P ^muiplnn onlculatod by Belirlbler ami colleclml 
k fttttbloj g^e r«tll« Hwn «*tMst lliati tlik; but in some tbe diH'crmices 
are even MfttOT. In tUts«H mleaUitltma, tba alotnlo weights of organ ie 
oompemnas m«»t be taken in snob a nmnnor, that one atom of them nray 
yiold 4 volumes of vapour ©r n. diatoniio ga« (p, 33); limioo ctlior jiiiiwt 
DO not OWO, butC*H**0®. (Pogg, 82, 841,)—Kopp (/'oyy, 08 , till) 
romarks that those Kiloulfttionii pflvo very good results, althougli, aocord- 
iug to his own theory, tbo spociflo volume of 0 is to that of H and 0 «« 
4i8, and. not as 1:1; khm anomaly, however, is explained by tbo non- 
aideiation that tbo spccifio volume which Sohrbdor osaigns to a Miiuple 
atom, vb,, iX|iXs5'10, is very nearly a mean betwoon Koiqi's sp, vol. 
of aO-afcoms=0*84, and that of an H- or 0-atoin=4*Q8, and ootiBequently 
in Oftloulating the spoBlflo volnmoa of organic oompiounds, tho proportion 
of tho O-atoms to tho H- and 0-atonis, remains nearly the same, 

* Tliorcls an ermr lures tbe numbers 1O'202, 10*136, S»e, wltotly denote, mit 
tbo anedfto volumMi af aimkult but too spedfio valumw of toe rfowM® a/ewuf of C, U 
and 0, at the dlstanew IB.*, 20", &e* below th»belling point. [W.l 
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L'dm'vji Theory ((Jliomio dor org. Voi’biiulungcuj 01).—Tho spocilic 
volimic's ol (lie (li/Iorout oloiiiouts stiiml in close relation to their atomic 
woiglits j if tho atomic wciglits of li, 0, 0, N, and Cl=l, C, 8, 14, and 3G, 
the atomic volumoa will bo 1, 3, 4, 7, and 9 (corresponding to a twofold 
and fourfold condensation of tho thormic envelope surrounding tlio atoms). 
I’ultiiig O~100, Ldwig ostimatos tho spocilic volumes of H=44, 0=132, 
N=,'K)8, 0 = 170, &o. But in organic compounds, tho volume of tho 
hydrogen may bo oondonacd to j, and ;J-, whoroby it is roducod from 44 
to 33, 22, or 11. In certain organic compounds, tlio volumes of tho other 
nlomoiits abovo-montionod, may, besides those threo condonsatioiis, sufl'or 
a oomlonaatiou to | and —Example : Bouziii, has a spocifw 

gravity of O'H ,'); its atomic weight (0=100) is 12.75 (atomic weight of 
C;) + (!.12v'i (^atomic weight of H)=950; and 950-t-0-85 = 1147 (sp, 
vol. calculated from tho S 2 ). gr., 0=100). If now wo add together 
12 sp. vol. of carbon condonsod to two-thirds, viz., 12 . 88, and 6 sji. vol. 
of hydrogen condonsod to ono-balf, viz., (>. 22, we obtain a snm=H88, 
whioli is tho specific vedumo of benzin. This calcnlatod specific volume, 
liowovor, is greater than that which is obtained from tho obsorvod specific 
gravity, and, thoroforo, tho sjtooifio gravity obtained by dividing tlio 
atomic weight by this Hiieuilio vidiimo, is not tho same as tho sp. gr. dotor- 
ininod by oxperiniont, but a smalior munbor, viz., 0'821. 

Very important, if confirmed by further oxamplc.s, would bo Lowig’s 
oliHorvution, that tlio spooifie volume of a compound is not altered by 
addition of oxgon; c.//., Aldehyde, C^IPO“; atomic woight=44 j sp. gr. 
at lH'’=()'79i and Acotio acid, CWO*; atomic wcight=00; S]). gr. at 
l(J‘'=l'00;i,' lionco tlio sp. vol, of aldohydo=44-(-0'79=55'7, and that of 
acotio aoid=00"i- l'0tl3 = 50'4. Tho agreement, however, is not so groat 
as it ujipoars to hoj for tho spocilic gravity of acotio acid is taken 102^ 
bolow its boiling iioint, and that of aldoliydo only 3' bolowj at 90“ 
bolow tho boiling point, tho s{). gr. of tho latter would bo muoli greater, 
and, thoroforo, its sjiuciflo volumo much smalior, and accordingly dillbr- 
ing more widely from that of acotio acid. On comparing Oil of Tnrpen- 
tino (C'^"Ii'“, atomic weight 152; sp. gr. 0'87; boiling jroint 157“), 
(.’ainimor (C“’H‘“0'‘, atomio weight 152; sp. gr. 0'98G; boiling 2 )oint 
204'), and Camphoric acid (O‘'’XI‘“0*; atomio weight 200; specific ;^ravity 
1T94; boiling point 270“), wo find tho spocilic volumo of Oil of Turpon- 
tino=150; of Cainphor=154, and of Camphoric acid=107. Similarly 
iho sjmcillc voliimoH of Valoral, C'"II'‘'0'‘and Valerianic acid, C'"ll'"(j^ 
are noarly=l()5 and 108. Theso calculations, thoroforo, soem to ugroo 
very w(dl with tho abovo-montionod law of Li'iwig relating to oxygon. 

With regard, howovor, to tho general charactor of Liiwig’s mode of 
calculating simoillo volnmos and spocilic gravitio.s, it is easy to see that, 
since tho spooifie gravities of most organic compounds lio botwoon 0'800 
and I'dOO, and oonscipicntly tho rango of variation does not exceed 
O'OOO, and since, moroovor, those compounds contain tho same elements 
in dijroront proportions, while tho specific gravities of tho olomonts thoui- 
HolvoH jirobably vary but littlo, it is not vory surprising that the spocilic 
gravity of an organic compound should admit of calculation within 
O'OlO (and somotimos ovou tliis dogroo of approximation is not attainod), 
osiiocially when wo tako tho specific volumes of tho olomonts somowhat 
arbitrarily, and assume to oursolvos tho liberty of imagining, whoa 
necessary, that they aro condonsod in tho compound to f, §, j;, and ;}•. 

On tho whole, iiidocd, when wo consider i,hat Kopip, Sohrodor, and 
more osjioeially I/iiwig, jirocood from assumpitions dilforing so widely ono 
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fuoin^ tlio otlior, anti, novcrfclieless, cacli one is of opinion tliat specific 
gravities may bo rigbtly determined according to his inctbod, we cannot 
but fool cousldorablo mistrust of all these attempts, and of the so-called 
tliooiy of atomic volumes altogether. If either one be right, both the others 
must bo MTong. In the earlier attempts to solve this problcnn, the dis¬ 
crepancies between observed and calculated sirccific gravities, wore attri¬ 
buted to the unequal expansion of dilfcrcnt compounds by heat; but now 
that this source of error has been remov'cd in the ciiso of liquids, by 
taking tbo ejicclfic gravities, &c., at corresponding temperatures below 
the boiling point, it is but reasonable to expect, that observation and 
ealcnlatiou should agree exactly; such, however, is not the case, either 
in tbo theory of Kopp, or in that of Schroder or Ldwig. 

tS'peclJic 0)'(tvily of Oi'f/anic Compounds in the Caseous State, 07' Yapour- 
density of Organic Componnds. 

An organic compound, considered in the gaseous state, always occu¬ 
pies a smnHer volume than its olcmcnts would occupy in the free state, 
supposing them to exist in the gaseous form at the same tomporatnro, 
and under the same pressure; hence, in the formation of an organic 
compound, condonsatiou always takes place, and moreover in a simple 
ratio, 

In aomo rare instances, the entire volumes of the elements, supposed 
to bo in tbo gaseous state, are united into one volume of tbo compound 
(also in the gaseous stalo). Thus 1 vol. of gaseous cyanogen, oou- 
tiiiiiH 2 vol. hypothetical carbon-vapour and 1 vol. nitrogen gas. The 
gas of tbo compound Is theroforo monatomic, that is to say, the number 
of atoms of the compound contained in .1 vol. of tbo gas is equal to the 
number of hydrogen-atoms contained in 1 vol. hydrogen gas. The spociRo 
gravity of a.n organic gas thus constituted may theroforo bo found by 
adding together the epceific gravities of tbo gaseous elements, the specific 
gravity of each of thorn, if it bo monatomic, being taken as many times 
ns there are atoms of the element in the compound, and half as many 
Limes if It bo 2-atoniie. 

In most caso.H, however, the entire volumes of the gaseous elonionts 
are united into 2 volmnes of tbo organic compound. The compound then 
forms a ^-atomic or duUaniio gas, that is to say, a gas which, in a given 
volume, contains only half ns many atoms of the compound as die same 
volume of hydrogen gas contains of hydrogon-ntonis. These organic 
compounds aro usually said to form 4 volumes of vapour (vid, inf.). In 
this ease the specific gravity of the organic gas is obtained as above, by 
adiling together the specific gravities of the gaseous elements, and 
dividing the sum by 2. 

Wo must hero call to mind the hypotheses laid down on ])ago r>'3, 
Vol. I. of this Hand-book rcspocting tbo volumes of gases; tho atoms 
of tho olomcnts in tho gaseous state aro surroundod with thermic enve- 
lopos of v'arious sizes; tlioao of tho sulphur-atoms are tho smallest; those 
of tho oxygon-, phosphorus-, and arsenic-atoms, aro 3 times as largo, 
and those of hydrogen, nitrogen, chlorine, bromine, iodine, &o., (i times 
ns largo : or, in other words, a siiaco which contains 1 . x At. hydrogen, 
nitrogen, chlorine, &c., in tho gaseous state, will contain 2 . x At, oxygon, 
&c., and 0 . x At. sulphur (all those substances being supposed to bo in 
tho irasenns statn. anil at. onnrt.l tnuTnoraturi's and nrcssnresl. If then 
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sulpliur-vapour 6-atoniic.* Carbon-vapour, wliicli doubtless exists aboro 
a certain temperature, is hypothetically supposed to beloug to the mon¬ 
atomic gases, and accordingly its sp. gr. is by calculation=0'41G0, that 
of air being I’OOO. Many other chemists, however, regard carbon- 
vapour as 2-atomic, and accordingly make itssp. gr. = 0'8320. 

The following are examples of the calculation of the specific gravities 
of diatomic organic gases. 



Marsh-gas. 

1 Oil of Tuvpnnihie. \ 


Alcohol. 

At. 

Vol. Density. 

At. 

Vo). 

Density. 

At. 

Vol. 

Density. 

C-vapour . 2 

.... 2 .... Q'8:i20 

20 . 

... 20 . 

... 8-3200 

4 . 

... 4 .. 

.. 1-G640 

H-gas. 4 

.... 4 .... 0'2772 

10 . 

... 16 . 

... 1-1088 

6 . 

... G .. 

,. 0-4158 

O-gns. 





2 , 

... 1 .. 

.. 1-1093 

Org. Compound 

Vapour-density.... 

1 2 1-1092 

0-554G 

1 . 

... 2 

... 9-4288 

4-7144 

1 . 

... 2 .. 

.. 3-1891 

1-5915 


The 2 At. oxygeu in the alcohol, enter as only 1 vol. of gas, inasmuch 
as oxygen is a 2-atoniic gas. It appears then that in marsh-gas, for 
example, 2 At, C. are united with 4 At. H. to form I At. marsh-gas, 
which, in tlio gaseous state occupies 2 volumes; these two volumes 
weigh 1'1092; consequently, the weight of 1 volume, or the sq) 0 ciCo 
gravity of the gas is I •1092-i-2=0'5ii4C (the sp. gr. of air=:r0000). 
Hence 1 At. mar.sh-gas occupies twice as largo a space ns 1 At. hydrogen; 
or a space which would include 1 . x At. hydrogen, contains only | . x 
At. marsh-gas. If then hydrogen gas bo called monatomic, marsh-gas 
must ho diatomic. 

Other chemists make the atomic weight of hydrogen only half as 
great, and the specific gravity of carbon-vapour, nut=0'41C as in this 
Hand-book, but=0'832 (suiiposing it to bo 2-atomie, like oxygen gas): 
oil these hypotheses the preceding table will be altered as follows : 




Marsh- 

■gas. 

I Oil of Turpcnline. 


Alcohol. 


At. 

Vol. 

Density. 

At. 

Vol. 

Density. 

At. 

Vol. 

Density. 

C-vapour,, 

... 2 

.... 2 .... 

. 1-G640 

20 

.... 20 .. 

1G-G400 

4 . 

,. 4 

.. 3-3280 

H-gas . 

... 8 

.... 8 .... 

, 0-5544 

32 

.... 32 .. 

.. 2-217C 

12 . 

.. 12 .. 

.. 0-831G 

O-gas . 







2 . 

.. 2 .. 

... 2-2180 


1 

.... 4 .... 

, 2-2184 

1 

.... 4 .. 

.. 18-857G 

1 

., 4 .. 

.. G-3782 


0'554fi 4-714J 1'5945 

According to this theory, the clcnicnts form, hy their combination,/oMr 
volumes of organic gas ; licnco the often occurring expression that most 
for all) organic compounds form 4 volumes of vapour. In this system, 
therefore, an organic compound of 4 vol. gas or vapour is equivalent to 
that which in the present Hand-book is designated as an organic com¬ 
pound, whose gas or vapour is ^-atomic or diatomic. The origin of tho 
difference is, that in tho first-mentioned mode of calculation, the volume 
of an atom of any organic compound, in tho gaseous state, is coinjaired 
with the volume of 1 At. hydrogen in tho form of gas, and in tho last- 
mentioned, with tho volume of 1 At. oxygen in the gaseous state. 

* According to Bineau’s exiieriments, sulphur-vapour is 2-atomio like oxygen gas. 
(See note, p. 29.) 
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If we adopt the system of Dumas, and suppose the atomic weight of 
O, 0, and H=: 100 : 37-5 ; 6-25 = 8 : 3 : the sp. gr. of carhoii- 

vapour will still be 0-416, and the numbers in the table which denote the 
-volumes of carbon-vapour will be doubled, viz., 4 vol. carbon-vapour in 
marsh-gas, 40 in oil of turpentino, and 8 in alcoliol. 

A few organic compounds form monatomic instead of diatomic gases, 
viz,, cyanogen, other, carbonic ether, and one or two others. 



Cyanogen. \ 



Ether. 



Carionic Ether. 


At. Vol. 

Density. 


At. 

Vol. 

Den.sity. 


At. 

Vol. 

Density. 

c . 

... 2 .... 2 .. 

.. 0-8.S20 

C „ 

... 4 

.... 4 ... 

.. 1-6040 

c . 

... 5 . 

... 5 . 

... 2-0800 

N . 

... 1 .... 1 .. 

.. 0-970(1 

H . 

... 5 

.... 5 ... 

0-3405 

11. 

... 5 . 

.... 5 . 

... 0-3405 




0 . 

... 1 

.... .. 

.. 0-55-16 

0 . 

... 3 

.... u. 

... 1-G639 


1 .... 1 .. 

.. 1-8026 


1 

.... 1 .. 

to 

C-i 


1 . 

... 1 , 

... 4-0904 


No division by 2 is hero required; the sum of tlio spocilic gravities of the 
elementary gases is equal to the specific gravity of tho organic compound 
in the gaseous state. Such exceptions from tho rulo may in most cases 
be removed by doubling the atomic weights; thus, other may be written : 

and carbonic ether: C“H''>0“{=2C'‘H“0-l-2CO“). In tho case 
of cyanogen, however, there are considerable objections to this dupli¬ 
cation. 

In some very rare oases, almost confined to certain organic acids, tho 
vapour of an organic compound, when its donsitjy is taken near the 
boiling point, is found to contain as many atoms in a given volumo as 
hydrogen gas. But tho farther abovo tho boiling point tho dotormination 
is made, tlio more nearly does tho density. In consoquonco of an inorcaso 
in tho rate of expansion, approach to that of a diatomic gas. 

If tho vaiiour of acetic acid G'H'O-* bo regardod as diatomic, calcula¬ 
tion gives its. .specific gravity as follows : 

Vol. Sp. gr. 


C-vapour. 4 .... 1-0040 

H-g.as . 4 .... 0-2772 

O-gaa . 2 .... 2-2180 


2 .... 4-1508 


1 2-0790 

But Dumas (Ann. Pharm. 27, 138) found tho sp. gr. of acetic acid 
vapour to he 2-74. Now f of 4-1598 = 2-7732; honco Dumas concluded 
that the mode of condensation in acetic acid is difTerent from that which 
takes place in other organic compounds, tho vapour boing in fact con- 
doiisod into 3 instead of 4 volumes. Similarly, Bineau found (Conipl. 
rend. 10, 767; also J. pr. Cliem. 33, 423) that tho sp. gr. of acetic acid 
vapour at temperatures between 129° and 132°, varies from 2-78 to 2-86. 
It has, however, been found by Cahours (Compl. rend. 19, 771; also 
J. pr, Ohem. 33, 427) that when tho beat is raised considerably abovo tho 
boiling point, 120°, the anomaly disappears. According to his oxpori- 
ments, tho specific gravity of acetio acid v.apour at 145° is equal to 2-75, 
but at 219°, it is 2-17; in anotliei- spocimon of acetic acid, tlio sp. gr. at 
231° was found to bo 2-12. This last number corrcspionds almost exactly 
to tho calculation above given. Finally, Cahours lias shown (Compl. 
rend. 19, 771; also J.pr. Ghem, 33, 427; further: Gompi. rend. 20, 51; 
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also JT. J. Pharm. 7, 129; also Por/ff. 65, 420) tliat tliis anomaly dis¬ 
appears when the specific gravity of the vapour is taken at least 100'' 
above thp boiling point of acetic acid. Close above the boiling point, 
the density, as shewn by the following table, is even greater than it 
should be for a -l-atomic vapour, or a vapour of 3 volumes. This density 
diminishes as the temperature rises, till, at 250°, it becomes equal to 
that of a diatomic gas, after which it is not altered by further rise of 
temperature: 


Temperature . 125” 130° 140° 150° 100° 171° 190° 200° 219° 230° 

Density . 3-20 3-12 2'90 2-75 2-48 2-42 2-30 2’22 2-17 2'09 


Temperature. 250° 280° 300° 338° 

Density.. 2-08 2-08 2’08 2'08 


Similarly with butyric acid, which boils at 1C4°. The calculated density 
of its vapour, supposing it to he diatomic, is 3’0505; but, according to 
Cahours, its density varies with the temperature as follows: 


Temperature. 177° 208° 228° 249° 201° 290° 310° 330° 

Density . 3'fia 3-44 3-22 3-10 3'07 3-07 3'07 3-07 


Valerianic acid behaves in a similar manner to butyric acid, but its 
variations are not so great. (Cahours.) 

The vapour of anise-camphor, C''“’H’’0^, which boils at 222°, has a 
calculated density of 5T301, supposing it to bo diatomic. But Cahours 
observed the following variations: 


Temperature. 245° 200° 270° 325' 338° 

Density. 5*98 5*73 5*04 5*22 5‘19 


Formic acid, which boils at 99°, likewise exhibits too great a vapour- 
density just above its boiling point, llogarding the vapour ns diatomic, 
the calculated density is 1‘5946; but Dumas found it to vary between 
2T3 and 2 14 at temperatures between 115" and 118°, and Biueau found 
it = 2-] 25 at 111°. 

On tbe other hand, wood-spirit, alcohol, othor, fusel-oil, andL-ii^kt 
compound ethers, exhibit the density of diatomic gases just above tfeir 
oiling points. (Calioiirs.) 

3. Boiling Point.— Organic compounds arc more volatile in propor¬ 
tion as they contain a greater number of atoms of hydrogen,a 
smaller number of atoms of carbon, oxygon, and nitrogen. M»pblyiiieric 
compounds, the one whose compound atom contains tlio siqpfeft. number 
of elementary atoms is always the most volatile. / ^ 

The boiling compound of an organic compound is bi§Jti|); by; i?r ,19° 
than that of another organic compound, when the former,—-wiih! an otlior- 
wise similar composition—contains x . C"IP more than the latter. (Kopp.) 

This is shown hj the following examples: ' ’ J, ; “ 

Boiling point. DifTerorico. 

•1 (VnA .1 a'* 


CTI-0' = Formic acid . 99° 

CilDO' = Acetic acid. 120° 19° .... l9° 
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Siinilarly, 

BuiUng' BiffcrdiCQ. Ciilculatcd Bi(T. 

C^ir^O- = Wood-spirit . 60° 

Cm^Q^ = Alcohol . 78° .... 18° .... I . 19° = 19° 

==rvigel.oil. 132° .... 72“ .... 4.19“=- 7G° 

Corn]). Schiol {Ann. Phann. <13,107); Fohliiig {Ann. Pharni. 53. 409). 


Also, aooonling to Hofinami & Mu3|)Vii.tt {Ann. Pharm. 54, 16): 


Boiling point. 

.Boiling point. 

j)iir. 

C'^IT." = Benzol. 

.. 80° 

C'lII" --=Dnicyl. lOii" 

.. 

20° 

C«H?N ~ Anilino. 

182° 

C1IIJ3N = ToUmliiic.,.. 198“ 


15“ 

Also, according 

O 

O 




ciro 

B.B. 

C H O 

B.l>. 

Diir. 

4 fi 2 Alcnliol. 

. 78 .... 

10 12 2 Fusoi oil . 

132 

.... 57 

4 4 4 Aectio acid . 

. 118 .... 

10 10 4 Valerianic acid. 

175 

.... 57 

S 8 4 Acetic other. 

. 74 .... 

14 14 4 Acetate of Amyl .... 

131 

.... 57 

8 8 4 Acetic ether. 

. 74 .... 

14 14 4 Vnlerianio etlior .... 

131 

.... 57 

C'lPI Ilydi'ioiilo ether 

C5 .... 

C“X1"I Hydi'iodate of Amyl 122 

.... 57 


As tlio second series contains SC'^H- nioro tlian tlio first, tl)o di/rcronco 
botwoon the boiling points should bo 3 . 19=57^i a result nearly identical 
with that wliich is given by obscrv:ition. (Kojip.) 

Tlio same law is also apjiroximatcly confirinod by coinpavison of tlio 
following lunubors: 



C 

n 

Bull. 1>1. 


CnUMilnlioii. 

Benzol. 

12 

() 

85“ 


85“ plus. 

.Dracyl. 

14 

8 

10(i“ 

1 

. 19 == 104“ 

Cumol. 

18 

12 

153“ 

3 

. 19 = 142“ 

Cymol. 

20 

14 

17.5“ 

4 

. 19 = 101“ 

Oil of Copaiba,... 

30 

24 

200“ 

9 

. 10 M 250“ 

following aro loss accordant: 





C 

H 

lioil.pt. 


Ciilc.nliitlnn. 

Ainyleiio . 

10 

10 

39“ 


39“ i)!ii.h. 

Olceiio. 

12 

12 

55“ 

1 

. 19 — 58° 

Klacno. 

10 

10? .... 

110“ 

3 

. 19 = 90“ 

I’aramylono. 

20 

20 

100“ 

5 

. 19 = 134“ 

Ceteno. 

32 

32. 

275“ 

11 

. 19 = 248° 


In thOHO compounds, the addition of C*IP appoars to raise tbo boiling 
point more than IQ®; lionco SobrSdor assumos as tbo real iuoromoiit; 
tills bowovor is too groat, in tbo case of cctono, for example. 

If tbo nninbor 19 wore correct in all cases, tbo did’oronco botwoon a 
jnoinbor of tbo ctbylono-serios and a corresponding inombor of tbo ainylono- 
Bories would always bo 3 . 10=.57“, bocauso tbo nionibors of tlio latter 
sorios dilFor from tlioso of tlio forinor, only by containing 3CT-P in addition. 
But tbo difforonco of toinporaturo is often greater, and varies in dilforoiit 
mombors: 


Uthylouo sovioB. 

Boliinf; pi. 

Aniyicuo aeries. 

Builhic; III. 

niir. 

C'H'Of 

. 22“ 

C'"U'''02 

90“ 

74“ 

C'H'Cl 

11° 

C’"U"C1 

102“ 

91“ 


80° 

C"'I1«S2 

117“ 

81“ 

C'HSO.NOO .. 

10° 

C'“H"0,NO'i ... 

90“ 

74“ 


This law, disoovorod by Kopp, that the addition of CTP rai.sos tlio 
boiling point of a compound by about 10°, is coiidnncd in a variety of 
ways. Siiioo, bowovor, in tbo comparison of certain oonipoiiuds, this 
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iiuinltcr is not found to be exact, Scliriidor supposes that in many 
compounds, ns iu the ethylic and mctliylio cthors, tho innuonco of C“1P 
on tho boiling- point amounts to about 16°, and in tho acids to 21''. 
Kopp attributes those discrepancies to want of accuracy in detonnining 
tlio boiling points of tho coiuj)ai’cd coin 2 )ounds. For in tho greater 
uiuubor of instances, the conditions for exact determination of tho boiling 
j)oints wore not observed, such as constant atmosjihoric pressure corre- 
sjoonding to 0'76 metr., the introduction of jdatinnni wire into tho lii^uid, 
and tho immersion of the thermomotor in the vessel, so that tho stem 
nniy bo completely surrounded with vapour, tho vapour being allowed to 
escape by a tube passing through the cork. ("For further obsorvations on 
this matter, vid. Kopp, C/iem. Soc. Q. J. 3, 104.) 


In compounds consisting wholly of carbon and hydrogen, each addi¬ 
tional double atom of carbon which enters, raises tho boiling j’oint by a 
qtiantity varying from 3.5° to 35'5°, and each double atom of hydrogen 
lowers it by 1.5°. (Gorbardt.) Tliia agrees very nearly witli_ Kopir’s 
snpijosition that each addition of C"H’“ raises tho hoiliiig 2 >oinb I!)''; 
for 35-15=20. 

In calculating tho boiling 25oInt3 of those compouiid.s, wo may start 
from oil of turpontlno. To iind from this tho boiling 2 >oint of unotbor 
hydro-c.arbon of known composition, it is necessary first to dotonnino the 
differonoe of C- and IP. As many times as the oom 2 )onnd iu ( 2 UosLiou 
contains O'*, more or loss than oil of tuv 2 )cntino, so many times 3.5° must 
bo added to or subtracted from tho boiling 2 ioint of oil of tiu' 2 )ontiuo; ami, 
as many times as tho compound contains IP more or loss, so many times 
15° must bo taken from or added to tho boiling point. 

Thus, Cymone, O^II'*, contains 2II loss than oil of tnrpontine, whonco 
its boiling point should bo 15° blghor; now 100"-1-15°=.17.5°. (Obser¬ 
vation gives iu fact 175°,)—Cumcno, contains 20 .and dll los.s 

than oil of turpentine; 160-35-12 . 15=154. ^Observation gives 153“.) 
—Na 2 ibtlialin, C'“IP, contains 8H loss than oil of tmpiontino ; 100-1- 
4 . 15=220. (Observation gives 221°.) Styrol, C'“IP contains 40 and 
SH less than oil of tnrpontine, 100—2 . 35 4-4 . 15 = 150°. (Observation 
gives 146°.) 

In those cases in which this mode of calculation docs net give tho 
boiling point correctly, tho difTcrcuco may arise partly from iin 2 >urity iu 
the hydrociirhon whoso boiling point wins doherinincd (as, for oxani]ile, 
when it contains a small quantity of an oxidized hydrocarbon, wliioh 
raises tho boiling point), partly from the fact that many hydrocarlloiiH are 
altered by chiillition, iu such a maniior that tliolr boiling points arc raised, 
—and partly from want of duo caro in determining tho boiling point. 
(Gerhardt, A. Ann. Ghim. Phys. 14, 107; also J, [>r. Ohem. 35, 300.—- 
Gompt. rend, menmels, 1, 77.) 


A compound which contains C^IP more than another, boils 52° higbor. 
(Sebriider.) According to Gorhardt’s law, tho differonoe should bo 55’'; 
101-2 . 35-15 = 55. 


Cinnamic acid . 

Benzoic acid. 

. 

. CffW 

B. V. 

. 29.1“ 

2.'!')° 

Cinnamic ether. 

. C2‘II'=0‘ 

200“ 

Benzoic ether . 

. 

209“ 

Cinnamciic . 

. C’TT'* 

. M0° 

Benzol . 

. C“1P 

80° 
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A compound which differs from another by tho addition of C-0^ has a 
boiling point 91“ higher. (Schroder.) 

Difl-. 

91“ 


Carbonic ether. 

2(C'H»0),C=0' = CiH’i'O” 


B. 1». 
120° 

Ether. 

C;aili»0= = C»W"0" 


3,')° 

Succinic ether . 

2(C‘n'0),C''H'O«= CMID'O'’ 
CWH"0,C‘H“0=> = 


211° 

Acetate of Amyl .... 


125° 

Benzoate of methyl 

C-H''0.C'-‘1T’0“ = 


108° 

Drncyl . 

Cmis = C'-'H" 


10fi° 


} 


91“ 


92“ 


Tho boiling [point of an acid is 40° higher than that of tho corre¬ 
sponding alcohol, which differs from tho acid by containing 2H more and 


20 leas. (Kopp.) 

B. 1'. 



B. P. 

Furmie acid.CnUO ‘ . 

... 99° 

Acetic acid .... 

.... CtUO' 

.... 120° 

Wood-spirit.Cni'O^ . 

00“ 

Alcohol . 

.... C‘II'’0- 

.... 78° 


39° 



42° 


Valevianic acid. C'"1I'®0'' 

Fusel-oil . C>»ri»0» 


B. 1 >. 
175° 
132° 

43° 


Tho same difforonce of 40° is found botwoon cnininol, C“li'®0^, 
which boils at 220°, and camphogono, CHIP'S whioli boils at 175°; also 
botwoon acotio otiior C^lPO', which boils at 74°, and coninion other, 
which boils at 37°, tho first of each of these i)air.s of substances 
containing 20 inoro and 2H less than tho second. (Schrodor.) 

Tho boiling point of an acid is OS" higher than that of tho othor which 
it forms with wood-spirit, and 44° higher than that of tho othor which it 
forms with alooliol. (lloiokhoi’, Ann, JVuirm. 46, 222; Kopp.) 



B. 1>. of tho 

B. P. of ita 


B. P. of ita 



free acid. 

methyl-other. 

Diff. 

ethyl-ethor. 

Diff. 

Formic neid. 

99° 

.... 37° 

02° 

i>.5° .... 

44° 

Acetic ndd . 

. 120 

60 

04 

74 

40 

Butyric acid. 

. IGl 

.... 102 

02 

.... no 

54 

Valerianic acid... 

. 175 

.... 114 

01 

133 

42 

Oxalic acid . 

. 210 

.... IGl 

5,5 

.... 183 

33 

Succinic acid ... 

. 235 

.... 198 

.37 

.... 214 

21 

Benzoic acid 

. 239 

.... 198 

41 

.... 209 

30 

Cinnamic acid ... 

. 293 

.... 241 

52 

.... 200 

33 


Those numbers certainly exhibit n few great discrepancies, but only 
with regard to those acids whoso boiling points aro high, and thoroforo 
diflicnlt to detormino with exactness. 

Compound others which aro inotamorio with each othor, have equal 
boiling points, (Kopp.) 

Thus, acetate of methyl, C“I-P0,C'‘ir''0^, boils at t)S'7 °; formiato of 
ethyl, C^H°0,C“HO=, at 55-.5“; formiato of amyl, C'»H“0,C“H0”, at 116°; 
ancf valerate of methyl, C“I-P0,C“'I-1”0'', at 114°; acetate of amyl, 
at 133'8°, and valerate of ethyl, CWO,0''’H"O», at 

133'2°. 

The boiling point of an acid is 81° higher than that of a compound 


































Formiate of methyl. CWO.CS'HO'* 


37 ° 


I BO 


Butyric acid. C**H®0'* 

Acetate of ethyl . Cn-FO.C^HW 


104 ° 

74 ° 


} 


90 ° 


Valeric acid. 

Butyrate of methyl . C^I-PO,C®H70^ 


175 

102 



Sclirodor {Fogg. 62, 184 and 337, more fully in a special work, 
Mannh. 1844) imagines'organic compounds to be composed of hydrogen 
and certain binary compounds wliich be calls Components. Each of these 
components exerts a dctorminate influence on tlio boiling point either to 
raise or to depress it. 

H°, Bihydrogen, lowers the boiling point, by 3°. All other com¬ 
ponents raise the boiling point; •wal&' of hydration, by 113’5°; 

C®0“, carbonic oxide, by 57"; C^O‘‘, carbonic acid, by 00°; formyl, by 52°; 
C^H’, in the form of methylene, by 21°, and in the form of elayl, 
by 17°. 

To calculate the boiling point of any compound, wo may sot out 
from Benzol = C'^H" (=3 : G'^^'^—TriformyV). Since this compound 
boils at 86°, and moreover 3 . C'‘hP must raise the boiling point by 
3 . 52= 156°, tho influence of the triformyl = 156° must be deducted 
from tho boiling point 86°, leaving — 70° ; and to this — 70°, must 
be added tho influence of the components of the compound whoso boil¬ 
ing point is sought. If, for example, tho compound is Caoutchin = 
C®I-P, consisting of 4 At. methylono, we must add 4 . 21 =84 to tho 
— 70°, which makes tho] boiling point of caoutchin = 14° (by obser¬ 
vation it is 14'5). Similarly, alcohol = bihydrato of olayl = 2C’®H’H- 
therefore, 2 . 17-H113-5 = 147-5; 147-5-70° = 4-77-5° = boil¬ 
ing point of alcohol (by observation, 78°). 

Hence, to And tho boiling point of an organic compound, wo must 
resolve it, in the most convenient manner, into its components, estimate 
their aggregate effect upon the boiling point, and diminish the sum 
by 70°. 

The table calculated by tliis method gives results agreeing very 
closely with observation ; it must not, howevor, bo forgotten that, as 
occasion requires, CHP is sometimes introduced as methylene, with an 
influence of 21°, sometimes as elayl with an influence of 17°, sometimes 
even in both capacities in the same compound; thus, fusel-oil, 
is regarded as a compound of CHP in the form of methylene, dO^hP in 
the form of elayl, and H^O°, while valerianic acid, a compound 

intimately related to it, is supposed to consist of 2 methylene and 2 elayl 
with C^O^and IPO®. Nevertheless, it is not with all compounds that this 
method yields satisfactory results. For instance, aldehyde, CHI‘‘0®, may 
be regarded either as C-'IP-IH’O®, iu which case the calculation will bo; 
52°-t-113^-5°-70°=-|-fl5-5°,—or as C®0®-lC®H® + IP, which gives 57 H- 
21 — 3 — 70= + 5°. Thus, the calculation gives for the boiling point of 
aldehyde, either 95-5° or 5°, wliereas tho .actual boiling point is 21°. 
In a similar manner, acetone gives either too high or too low a point, 
according to the components of which it is supposed to be formed. 
Neverthless, tho agreement which exists in many cases, induces tho 
supposition that this theory has some foundation in fact, and so far would 









still hold good, ovon if organic comijouiule wore not siii>posod to bo made 
Tip of the components above montionctl. 

From the vmoortaiii results obtaiiiod by assuming tlio oxistcnco of 
those conipononts, Schroder has Ijitoly boon induced to transfer their 
supposed intluonco on the boiling point to their clcinonts. According to 
this latter view, each double atom of hydrogen (IT-) lowers tho boiling 
point of a eoiupoiind lO-’j ouch double atom of carbon (C") raises it SO^’j 
and each double atom of oxygon (O'"), 29°. Tho sum of tlioso iiinuonces, 
diaiiuishod as boforo by 70°, gives tbo l)oiling point. 

This latter theory appvoximatos in many peunts to tho precoding. 
According to the former, IP lowers the boiling point by d’j according to 
tho hittoi', by 10°j according to tbo former, 0-0'^ raises it by 57°; accord¬ 
ing to tbo latter, C- gives 31 and O'* 2,0, togotbor=C0°; according 
to tho fonuor, C-0^ raises tho hoiling point by 90°; according to tlio 
latter view, O’* raises it by 31, and 20'* by .53, tlio sum of ■vvliicli is 
89°; according to tho formor, C*IP raises it by 52°; according to tho 
latter, 20“ raises it by 02°, and It* by—10, tlio sum of wliioli is ,')2°; 
according to tbo former theory, C*!!* raises it, somotimos by 16° soinotlinos 
by 21°; according to tlio latter by (31—10) or 2i“. Iti IPO“, howovor, 
there is a roiiiarkablo diUbronco, inasiniich as, according to tlio former 
theory, it raised tho boiling iioint 113'.5°, whereas, iiceovding to tlio 
latter, tlio iiiorcaso which it produces is only 29°—10’=1.0°; and hoiico, 
perhaps, it cliiofly arises that with regard to tbo greater nmiibor of 
compounds, the latter theory gives less satisfiictory results tluui tlio 
former. Witli tho liydrcicnrbotis, tho lunnhcrs obtained arc satisfactory. 
Tims, Bonsol, C'“IP, wliich boils at 80°, gives (0 ,31 — 3,10-70), 
wliioli is aotually ccpial to 80°; Driicyl, G’'IP, wliich boils at 100°, 
gives (7 , 31-4 . 10—70) oi[iial to 107°; aiidOotoiio C“'*IP“, wliich boils 
at 27.5°, gives (10 . 3L —10 . 10—70) or 270".—But in most oxygon- 
componnds, the calculated results did'or widely from tlioso of observation. 
It is true tliiit otlior, C“II“’(V'‘, wliich boils at 0.5°, gives a satisfactory 
result; 4C'* = 4 . 31=124; 0“=-.2();_ 5lP=-.50.; 124-1-20 - 50 = 103; 
103 —70== 33. But with formic acid, which boils at 90°, calculation 
places tho boiling point at 11°, that is to say, 88° too low; and simi¬ 
larly, in tlio greater nuiiibor of oxygcn-comjioundH, tho calculated boiling 
point is muoli lowor (soiuctimos by iiioro tliim 100°) than tliat wbicli is 
given by observation. Schrbdor supposes that, in certain comjiounds 
containing oxygen, this olomont somotiiiies c-xci'ts twice, and somotiiiics 
four times ns groat an influonco as in cortain otliors, i, e., tliat O'* 
frequently raises tho boiling point by 58° or 110'°, instead of only 29". 

According to L'dwig {Fogg. CG, 250), 1 At. If lowers tbo boiling 
point of a compound by 29'2°; 1 At. C raises it by 38’4°; and 1 At. 0 
oitlier raises it By 28° or lowers it by 8'4°, according to tlio greater or 
loss condensation of tho 0-volumo in tho oompouiul. Tho sum thus 
obtained is not to ho diminished by 70° or any otlior number, &c.— 
Aooording to this theory, marsh-gas should boll at—40° or—20°, accord¬ 
ingly us it is regarded os C*I-P or CH*. (2.38'4 — 4 • 20'2= - 40; or, 
38'4—2.29'2= —20). Boiixol, 0**11“, should boil at 285'0° instead 
of 8G° (1.2 . 88-4 — C . 29'2=28,5'°G), &c. Comp, Solirodor {Fogg. G8, 
250), 

Tlio boiling point question lias hitborto boon treated oxclusivoly 
nccording to tlio radical-theory, and not according to tho nuclous-thooi y. 
It is, tlioroforo, a question whellior tho latter may not afford a further 
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cliio to its solution, and -vvliothor, by assigning to tlio liydrogcn and 
oxygen witliiu the nucleus a different amount of influonco from tliat 
which is exerted by the same elements without the nucleus, wo inay not 
succeed in discovering a lutviversal law. That this circumstance is of 
imj)ortance may ho seen from the following facts ; Salicylous acid n.nd 
benzoic acid have the same empirical formula =C''‘li“0‘j but the former 
boils at 190^, the latter at 239°. Tho differenoo of 43° is too great to bo 
attributed to error of observation, and must, together with tho other 
striking differences in tho pro 2 rerties of the two acids, bo attributed to 
difference of constitution. Benzoic acid is supposed by Laurent to con¬ 
tain tho nucleus benzene, 0*^11", which, together with 40 externally 
situated, forms benzoic acid, C''‘I-I“,0'‘; hut salicylous acid is sujiposcd to 
bo formed upon a different jrrimary nucleus, 0''I-P (possibly identical 
with dracyl). A secondary nucleus, C'^fPO'^, derived from this by the 
suh.stitution of 20 for 2H, forms, with 2 additional atoms of oxygon, tho 
compound C"H''0^,0'*, which belongs to tho aldehyde typo, may bo com¬ 
pared with bitter almond oil, CBd"!)-, and moreover requires tho addition 
of 20 to convert it into an acid actually comjrarablc witli benzoic acid, 
viz., salicylic acid, C'l-POqO*. It .appears, then, that tho circumstance 
of benzoic acid having 40 without the nnclcu.s, and salicylous acid 20 
within and 20 without, i)roducos a difforonco of properties, and among 
tho rest in tho boiling j)oint; moreover it seems to follow, from thi.s 
cxam 2 )lo, that oxygon within the nucleus raises the boiling 2 >oiut los.s 
than oxygen without. In connection with this matter, wo might further 
cxamiiio, and perhaps decide, the question, as to whether honzoio and 
salicylous acid should bo cx 2 ircsscd, as in Laurent’s system, by tho for- 
muhu C^IPjO' and C''I-I“0’,0^ or, according to the pi’inciples ex 2 ihuncd 
on pages 20—37, by C'‘H»0,HO’, and C'-‘I-PO’,IiO. 

By way of example, wo may take tho following attempt to calculate 
boiling points according to tho former of those two views, tho results of 
which are tolerably satisfactory. Tho boiling point of tho C and II in 
tho nucleus is first determined according to Gorhardt’s method (p. r>7). 
It is further empirically assumed, from calculations of tho boiling points 
of different compounds, that 0’ within tho nucleus raises tho boiling 
point 25°; that tho first 0- wdUiout tho nucleus raises it 50° (in some 
rare cases, as in that of phonic acid, the rise thereby 2 irodu(;cd ammnUH 
to 100°); and that tho following 0- without tho nucleus raises it UK)'’ 
(rarely, as in benzoic acid, only 50°). H-O- without tlio nuohiu.s rai.ses 
tho boiling point 10S°. Tho observed boiling point is placed in brackets 
before the calculated value : 

Formic add, C^Il- + O' Wood-spirit, C-II’’ +11*0" Acclio acid, CIF' + 0' 

- 50° CH- - 50° C'll' - 30° 

witliout - 50° IPO" -I-108° 02 without -I- 50° 

02 without +100° - O" without + 100° 

- (00°) + 58° - 

(09°) +100° (120°) +120" 

Alcohol, CM' + IPO" Aldehyde, Cffl' + 0" Butyric nold, CII" + O' 

CIl' - 30° Cffl' -.30° C"1I -I- 10° 

H-O- +108° O-without+• 50° O'-without + 50" 

- - O'- witliout +100° 

(78°) +78° (21°) +20° —- 

( 101 °) + 100 ° 
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Vulci'iauic acid, C’'’!-!'" -i- O ' 

l^usel-oil, C"’II'»+ lUO'- 

Cnproic odd, C'^H’" + O' 

C'"!!'" 30° 

C">H“ 30° 

Cni'" 50° 

0 '^ without 50° 

11=0" 108° 

0" witliout 50° 

0" without 100° 

— 

0" without 100° 

— 

(132°) 138° 

— 

(178°) 180° 

(202°) 200° 

Capvylic acid, C"'I1"' + O' 

Lactone, -I-O'' 

Motacetoiie, C'"!!'" + 0- 

C"'H"> 00° 

C’D" ■ 45° 

C"'!!'" 30" 

O'^ without 50° 

02 within 20° 

0" witliout 50° 

0- without 100° 

0- without 50“ 

— 

— 

— 

(81°) 80° 

(230°) 2d0° 

(02°) 120° 


Mesitlo-etliec, C«n'''+0’ 

Acrolein, C"!!" + 0" 

Acrylic add, C"ll'' + O' . 

Ci-JHiu 05° 

C"[l‘ 5° 

C"!!' 5° 

O'' witliout 50° 

0- without 50" 

O without 50° 

_ 

— 

0- without 100° 

(120°) 115° 

(52°) 55° 

— 

(uhovc 100°) 155° 

Pyrogallic acid, C'n-I''02 + O' 

Plienicacid, C'ni" -l-0“ 

SalicyloiiB acid, C''I1''0'’-|-O'-’ 

C'-'n" 95° 

C'"ll" !)5“ 

C'-'ll" 130° 

0- within. 25° 

O- witliout 100° 

0" witliin 25° 

O' without 100° 

— 

CV witliout 50° 

— 

(188°) l'J5° 

— 

(210°) 220° 

(100°) 205° 

Uciizoio ardd, C'll" + O' Bitter almond oil, C'H" -I- O'' 

Cimiamia acid, C'''ll''-i-0' 

C'!!" 130“ 

C'-'U" 130° 

C"'!!" 185° 

O' witliout 100° 

O" witliout 50° 

O' without 100° 

(239) 230“ 

(180°) 180" 

(290°) 285° 


Cttmiilioric ttuid AiiliycUide, C®’U''0'’+O* Cnnipholio acid, C'’'’M'“+0‘' 



175° 

CTI'" M5° 

O' ill tlio tuioloua 

50° 

O'' witliout 100° 

O" without tlic nucleus 

50° 

(250°) 215“ 

(above 270°) 

275" 


I’yi'Oguajttcic acid, O' Cuminic acid, C™!!'- + O' 

CHiis us- C-"!!'" 19U“ 

0" without 100° O' wltliinit 100“ 

(210°) 215° (iibovu 250°) 290“ 


Pyi'otercl)ic acid, C"'H"’ + 0' Curyopliyllio acid, Ciitniii iii, C;'®lI''0'' + 0- 


ent'" 05° 

Ci"!!'-' 190“ 

C'"!!" 200° 

O' witliout 50° 

O'' witliln 25° 

O' witliin 25° 

O' without 100° 

O' witliout 50° 

O'without 50° 

(above 200) 115° 

(213°) 205° 

(270°) 276° 

Aiiiaol, Cn-l" + O' 

ITydrunisyl, C'"!!"!)'-t-O' 

Cumlnol and 

C’-'HS 115° 

CU" 150° 

Anise-camphor, CIP'O' 

O' without 50° 

O' within 25° 

C'!!''' 190° 

— 

O' without 50° 

O'within 25° 

(above 150°) 105° 

(251°) 225“ 

(220°) and (222°) 216° 



jijuixjii'iu ruiJ.'iai 


Pai'slcy-camplioi'j + O- 

C™H'- 190“ 

O'* in tlie nucleus 50° 

0^ without 50° 

(300°) 290° 


Pcppermint-cnniiilior, C-"!!-” + 0- 
C»I1“ 130° 

0- without 50“ 

(213°) 180° 


Common camphor, C-’“H“0' 
C“H“ 100° 

0^ within 25° 


Or? C2«Hi»+0^ Cnjeput oil, 

C20H16 100° C“'U“ 1‘15° 

O'* without 50“ O- in the nucleus 25° 


(204°) 185° 


(204°) 210° 


(173°) 170° 


Purfui-ol, C>“I-l‘0'> + 0'* 

CiOH-t 70° 

0^ within 25° 

O'* witliout 60° 

(102°) 150° 


Cnrvaorol, 

C'^IPs 215° 

in tho nucleus 25° 

(232°) 2.10° 


But tins moclo of calculation, tliongU it may appoav tolerably satiH- 
factory in so far as regards tho examples in tliu procoding tahlo, in 
novertlioless iiiaccurato wlioti applied to many otliors; partly perluips 
because the composition and boiling points of theso latter ha\'o not boon 
correctly detcrniincd, but partly also bocauso tho iiiodo of calculating is 
not adapted to certain com 2 )Oitnds, for which, porhajis, jicouliar laws 
should be assuinod. Such, for instance, is tho ease witli inotliylic, 
otbylic, and amylio other, with acetone and certain compouiuls alliod to 
it, with lignono and its products of docoiuposition, &o. 

But oven if wo should succeed, by this or any otlior moclo of caloulii- 
tion, in ovorconiing tlio principal dillioultios, it will still roinain iincortaiii 
■whether wo slvall over arrive at a comjcloto solution of tho problem of 
determining the boiling point of an organic compound from its composi¬ 
tion. Tho nimiorous oils composod of have boiling points varying 

between 15(1° (tcrcbono) and 1T3° (^oarvono); and this difloronco of 
boiling point is accompanied by diflorcnoo of spcoifio gravity, and of 
optical and cheraioal relations (e. ff,, towards hydroolilorio acid ^as). Wo 
cannot, therefore, ascribe these deviations moroly to impiiiuty in tho 
oils or to errors of observation, but are forced to .admit that in tlio same 
nucleus, tho 20C and lOH may bo united in difl'oront ways; and as this 
difroronoc of arrangoment and tho influcuco which it oxorts ou tho boiling 
point aro llkoly to roraain unknown, tho calculation of tho boiling jioint, 
even if founded ou tho most accurate data, cannot be oxpeoLod to give 
an exact result in all cases. 

Certain other compounds likowiso liavo differont boiling ^joints, 
though their composition is tho same, e. y., malcio and fuinurio acidsj 
there are, ho'wovor, other reasons which soom to sho'w that tho boiling 
point of fnmaiic acid should bo doubled. 

Some facts soem to show that nitrogen raises tlio hoiliug point of ii. 
compound mud) more than carbon or oxygon, and that IN introduced 
in tho place of IH produces a rise of about 100°. Thus, hoimol, 
boils at 8C°; tho compound boils at a still lorvor toni])ora- 
turcj hut the boiling point of aniline, C’^N, is 182°; Jillaono (jjrohahly 
C“H*“) boils at 110°; coniine, C"'H’'N, at 212°. This strong fixing 
po-wor of nitrogen and oxygon in organic compounds is very roniiu-kahlo, 
when comsidored in rohition to their othorwiso groat olasticity. 
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IT A very romarkablo relation betwoon rotatory power aiul luolociilar 
constitution lias been discovered by Pasteur [N. Ann. Gli. l^hys. 28, tiOj 
abstr. Gliem. Soc. Qu. J. 3, 79). It has been long known that tartaric 
acid and its salts turn the 2 Jln.no of 2 Jolarization to tho right, whereas 
racemic acid and tho racemates, which aro isomeric with thorn, 
such 23ropcrty. Now, Pasteur has shown that I'accinic acid is a compound 
of two other acids, identical in chemical emnposition, crystallizing in 
forms which 2 Jrcscut tho .samo number of 2 Jorfect]y .similar faces, but ai'o 
dispo.sod syminelrically with respect to each other (like tlio imago and 
object in a mirror, or the two halves of tho human body), and thorol'oro 
incapable of coinciding by su 2 )orposition. These crystals are in fact rect¬ 
angular prisms, having their lateral edges replaced by 2 )lanos; and tlio inter¬ 
section of two only of these idanes with tho terminal face.s of the prism aro 
replaced by facets j hence tho cry.stal.s aro homiliedral. Now ono of thc.so 
acids turns tho plane of ]rolarization to the riglit, and tho otlior to the 
loft: they arc called respectively, Dcxtroraccmio and Lwvovucmiic acid.«, 
the former being tliat which i.s usually called tartaric acid. A s{dntion 
containing equal weights of tho two acid.s yields, on evaporation, 
crystals of raconiio acid, porfoetly honiohcdral, and having no action 
whatever on imlarlzod light. Tho relation.s of form and rotatory jiowm- 
which exist in tho aohhs thonisolvo.H, aro likewise found to the fallcHt 
extent in tlioir salts. AIL tho chemical ])ro 2 uu'ti(‘s of tho tartrates nr 
doxtroraceiuatcs are reproduced, iu tho miinue.-'t details, in tho luivoracc- 
niatcs; and to cacli tartra.to tlioro corro.spomls a huvoracomato, difl’oring 
from tho former in nothing but tlio symmotricul situation of corlain 
c.orrc.spoiuling facc.s of tho cryslahs anil the direction of tlio rotatory 
power.—Pastour bins also sliowii (N. Ann. C'ldin. l‘lnj^. 34, 30) that 
-aspartic acid prepared from fumarato of ammonia (a suh-stauco not ^losscs- 
sing rotatory power), is it.self without action on polarized liglit, although 
tho same acid, M'hen 2 irc’ 2 )ared iu the ordinary way from asparagine, iios- 
.sc.ssos tho rotatory power; moreover, that inactivo a.spartio acid may ho 
converted into an inactivo malic acid hy tlio same procos.s ns that by 
which active aspartic acid is converted into activo nialio acid. Thoso 
active and inactive aciila are exactly alike in all their chemical 2 »ropor- 
tlo.s, and form salts identical in every respect, excepting that in some 
few instances tho crystals of tho two varieties hclong to dliroreiit systeniH, 
and that tho active snhstancos always exhibit hemiliedriil faeots, which 
the inactivo compounds never do. It does not appear, Iiowovc.r, that (hu 
inactive varieties of aspartic and malic acid can ho re.solvod into two 
opjiositely activo coinjidumls like doxtriiraoemic. and huvoraeomio acid; 
but it is liighly 2 ir()luLl)lo that there exists an inactivo variety of inalio 
acid and also of as 2 )arnglnc. IT 

Tho atJliaratus onijjloycd by Vcnlzko (J". pn. Cham. 25, 05) for tho 
observation of circular 2 Jolarizalion, is constructed as follows ; A metal 
tube lying horizontally is connocted at each end witli a Nicbol’iS prism. 
The juxsin at tlio further end is immoveable, and directed towards tlio 
brightest part of an Argaiid lam 2 >; but the pi'-'is'ii nl Ibo noaror cud, 
tlirongli which tho eye is directed to the light, is ca 2 iahlo of turning round 
tho axis of tho Lnho, and is provided with an index wlilcli moves upon a 
graduated disc .snrroiiiuling the nearer end of the tuho, and marked 0° at 
its highest, and 180° at its lowest 2 Joint. If now tho eye ho direeted 
tlu’ongh the empity tube, towards Uio Argaud lampi or towards the solar 
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ilullnod with niiiHhlt'mlili' nhiu-jmc'SH, at -vvliifili tlio wliolo of tlio light dis- 
Tlio iiiilox Ih lixi'il in kucU ii luaiiiiei' iih to point to 0“ and 180° 
lit Uin two poinU at whicli ]iorfoot ihu-kno-sH in produnwl. A glass tnho, 
0'2,'!4 mot. long, olo.md nt oiioh oinl witli a glim.s plato, and complotoly 
(Uli'd wiflv Ihn liipiid to tm nxaminiHl, in now introduned into tho inotal 
mho, HO that Ihn vayH of tlio lump may pii-as, fir.nt through tlio further 
priwtii, tilt'll tliroiigir tho Nlrutiim of Utiuhl ()'234 mot. long, and thou 
throiigli llin noaror primu, into tho oyo. If tho liquid, water for example, 
hiiH no rotatory jmwor, porfoct (hirk’no.4H i.s prodiicod im hoforo, when tho 
iiiih'x iiointH to 0°; hut, if tho rnpiid jumao.sHes rotatory power, tho light 
of Ihi) lamp in alill hoou with Uui primu in that position. But, if tho 
iK'aror jiriMiit, witli its iudt'S, ho tiinuid round to tho right, then if tho 
liipiiil iuriiM Ihn piano of polari'/.ati(m to tho right, the following colours 
luipi'iir ill HUrcrwHioii: light hlno, dark h!no, violot, piirjilo, rod, oriuigot 
if, on tho ooiitrary, tho pohirimtion ia to tlio loft, tho hiiuio sorios of 
ecilourN i« nxhihitod on turning tho iirimn in that direction. In oithor 
cttHo, tho rotation is to ho fllcqipod ns soon ns tho rod, intormodiato 
he'twoou the purplo and orango, appoars, and tho mnnher of dogreos from 
O'*, whioli tho indtuv; then mnrku, ia to bo road olf. This is tho numher of 
ilogrcoH of oirc.ular polarization which tho liquid oxhibits, oithor to tiio 
rigiit or to tho loft. 

a. PnYBtowKuciAi, lint,A'noNfi.—All volatilo organic compounds aro 
odoriroroiiH, and moat of tliom aro distingiiiahnil hy very strong odours; 
<f. f/., volatilo acids, volatile uiU, camphorH or stoavoptouo.s, aiul alcoliolio 
liquids; inarsli gas and olormnb gas havo hut very Ivtllo odour. 

Homo orgaiiio oompoiuids, ao gum, aliirch, woody ilhro, wliito of ogg, 
tko., liavi' 110 TciMe; others have a sour taste (most aeidsl; or a rough 
tnalii (tannin); or awcot (sugar, glycerin, glyooe.ol); or hitter (hitter 
priiie.ipioM, nareotio mihstaticc's, and many acrid snlmtane.os, also many 
resins); or acrid (acrid oils ami camphors, acrid rosins, acrid alkaloids); 
or (iory (alcoliolio liquids, volalilc oils, ramphors). 

In their mndiciiml action on tho body, ovgimio conqimuui.s likowisQ 
oxliihil tlio greatest diU'eroiicos; and it is a miittur of tho greatest woiulor, 
that tho sumo cleniuiits, iicoording to tho jinqiortioii in whioli they outer 
into an organio compound, slimihl jiroduc.o, soniulimoH nutritiouH matters, 
somotiraes medicinal suhataucoa and poisons, soniolinios imligestiblo and 
inert Rubatanooa. 


JDiffwmm of Properlict accompanied with upparenlly sindlai' ComliiuHon. 

Tlioro aro many organio couipoiuuls which, though possessing tho 
Banio por-contago composition, novortheloss oxhihit raarkod difforoncos in 
tlioir phyaicnl and cliomical relations. Tlioso dillbroncos may bo ascribed 
to Isomerism, Polymorisni, and Motamorism. (I., 108-111.) 


homerim. 

Many volatile oils havo a composition oxproBseel hy tho fornnda 
C’”!!"', hut diffor in spooiflo gravity, boiling point, circular jiolarization, 
smoll, and taste,—in tho quantity of hydrocldorio acid gas wlticli they 
aro able to absorb, ami in tho liquid or solid natiiro of tho resulting 
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liycli'otIiloi'ato,~also in tlioir power of dissolving caoutcliouo, &o. Tlnis, 
oil of tui'pentino is composed of two such isomerio oils, and those may bo 
transformed into other isomerio modifications. Tlio same formula, 
likewise belongs to tho following oils: Oil of Lemons (boiling point 14G“); 
neutral oil of Cloves (Sj). gi‘. 0'918; B. P. 142°); oil of Elomi-rosin 
(Sp. gr. 0'852; B. P, 1GG°); C.arvene (B. P. 173°); and several others. 

Crystalline Eiigenin, and acid oil of cloves (caryophyllio acid), have 
tho same formula, C“H'^0^. 

Oil of Cumin, Esdragon-oil, Fennel-oil, aird Anise-camphor are com¬ 
posed of C”H''*0’*, and may be converted by troatmeut with oil of vitriol, 
chloride of xino, &c., into throe other oily, camphor-liko, or resinous 
isomerio compounds. 

Tho formula of Itacouio acid is C'^IPO®, the same as that of Citraconic 
acid; but the salts of theso acids exhibit difierent properties, 

Tartaric and Bacemic acid = C“11®0“, arc likewise isomeric. Not 
only are tho compounds of those acids with water and with bases dillbront 
in their pro])ertios, hut tartaric acid in tho state of aqueous solution 
exhibits circular polarization, while racomio acid docs not. 

Muoic acid, C"‘H“’0'“, which is insoluble in alcohol, is converted, by 
boiling its atiueous solution, into the isomerio sulistaucc, Pai'amucic acid, 
which is soluble in alcohol; both those acids aro isomerio with Saccharic 
acid. 

To the same class of bodies appear to belong: Pyrnmnoic and Pyro- 
moconic aoid = C'°H'‘0'’;—Ampclic and Salicylic acid=C‘dI''0“;—Elhalio 
and Palmitic acidzrC^'^IP^O'*;—Oloic and Elaidio acid = C'''“II'“0'‘;—Pinio 
and Sylvie acid=C^''I-P’0'‘. 

Furfnramido and Furfurino aro both composed of C“ir'*N“0'’. Tho 
former, when treated with acids, is resolved into an ammoniaeal salt and 
furfurol; and, by contact with acjucous potash, it is converted into the 
isomeric compound, furfurinc, which is not dccomposod by acids, but i.s a 
salifiable base uniting with acids to form salts. 

Salicylous acid is: C''‘I-P0''*,0’, and .Benzoic aold, C’'^I-P,0\ 

Crystalline Eugonin and Pyroguainoio acid, an oily substance quite 
dilTorent from it, both have the formula C“PPO‘; tho former is probably 
tho latter, C‘'H8,0^ 

Gum arable, dextrin, milk-sugar, starch, and woody fibre, when well 
dried per se, all have tho formula or C*'‘I-P“0“‘’. This is per¬ 
haps a caso of polynierism, ono compound being another 

2(C'^PP»0'“), &c. 

Butyrono and Oonanthol aro C^IP'O*. 

Motacotono and Valoral aro C'“li'“0’.—This case may, however, bo 
ascribed to motamorism, if motacotono bo regarded as a compound of tho 
second ordGr=C“I'PO“,C'‘I-P (p. 44). This view of its composition is 
supported by the fact that motacetono is convorlcd W chromic acid, not 
into valorianio acid, but into metacotonio acid, C“I-PO*, and acetic acid, 
CJpj'iO'*.—Similar remarks apiply to the preceding caso. 

These 2 ihonomena of isomerism aro very probably duo to difforonccs in 
tho arrangement of the atoms. 


Polymerim, 
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lutj jiulging from their different degrees of volatility; maleic 
acid is probably C'‘fi-0'‘j fumario, C“H''0®, and acoiiitic, C‘-Ii“0’“. 

Monobasic Aiigelicio acid is and bibasio Camphoric acid, 

C'^H‘» 08 . 


Metamerism, 

1. When two organic compounds como together, a more complex 
siibstancG is often formed, containing the samo nnmbcr of atoms C, If, 
and 0, as another product formed from two other organic com 2 )ounds. 

Formic ether is mclamcric with acetic methyl-ether (acetate of 
methyl). 

C 11 O 

Alcohol — 1 M0itor = C'n''O=—HO = 4 5 1 

with Formic acid — 1 Water = CnPO' — 110 = 2 1 » 


forma Formic otlier = (i G 4 

Wood-apirit — 1 Water = CniW—no = 2 5 1 
with Acetic acid — 1 Water = — 110 == 4 3 3 


forms Acetic mctliyl-ethcr 5 = 0 l\ 4 

Similarly, Ani.sic methyl-other (anisato of methyl) = C‘I-PO,C“’IUO° 
contains tho samo number of atoms as Salicylic ctlior (salicylate of ethyl) 
=:C*H'*0,C'''I'P0'’. [Other o.\'anii)lc.s of lliis kind will ho found iiv 2.] 

2. An atom of a complex organic comjiound n\ay contain tho samo 
mnnhor of atoms of the several elements as 1 or 2 atoms of a primary 
organic compound. 

Cyanalo of ammonia, NI-P,C^NHO’, has tho same nnmbor of atoms 
as Uroa,, C^I-r'N^O'h 

Oxalato of methyl, C’I-P0,C20» (or C'lPO'^C'O") = Sucoinio acid, 
C‘I-P0‘ (or CSH“0«). 

Formiato of methyl, CffPO,C'-HO“=Acotic acid, CI-PO*. 

Formiato of ethyl, C'‘hPO,G’HO’, and Acotato of methyl, C'‘‘I-P0,C'ir''0" 
=Propiouic acid, OTPOh 

Acetate of ethyl, C‘I-PO,C'HW=Butyrio acid, C'‘IP0'=2 Aldehyde, 
2(C'H''0-)j and (JhloracGtic ether, C''CP0,C'C1'’’0''=: 2 Glilor-aldohydo, 
2(C'C1'0-). 

Valorato of amyl, C''’.TP'0,C'”HW=2 Valoral, 2(C"'ir'’n=). 

Butyrato of methyl, C-n''0,C'‘H’0-'=Vnlerianic acid, C’lP’O*. 

Butyrate of ethyl, G'IPO,C''I-rO»=Formiato of amyl, G'''II"0,C‘‘H0'’, 
and Valerate of methyl, C-ir'0,C''’II"0"=Ca2)yoie, acid, C'^iP-Ob 

Caproato of methyl, CffP0,C”IP'0-', anti Valorato of ethyl, 
C'‘H®0,C"’l'PO'’=Oonanthyli(! acid, C‘'‘n“0'‘. 

Oonanthylato of methyl, C'ffP0,C”I-P=0", and Caproato of ethyl, 
C‘I-P0,C‘-IP'‘0»=Caprylic acid, C'»IP»0* 

Valorato of amyl, C'”PP'0,C*“H"0’= Ca.prio acid, and = 

2 Valoral = 2C'"PP''0''>. 

Salicylate of methyl, C“I'PO,C‘'‘I-PO'‘=Anisic acid, C‘"rPO''. 

Motamoric compounds like those just adduced, may have tho same 
specific gravity in tho gaseous state j imt in tho liquid state, they dill'or 
botli in density and in boiling j)oint, the density and boiling i)()int of com¬ 
pound ethers being lower than those of tho acids with which they cor¬ 
respond in number of atoms, 



3. Til tv fiilltiwinji; It a ptirfivctl^ imiiiuo casti of motamoriism or iaoinorlsm, 
jiroiliu't'tl by riitroi'on oiitoriiig into ono foinpound as an oloiiiont, into 
niiolhor ii« iiinitltij'tm, ami into a tbinl as bypouitrio acid; C’^irNO' is 
Uuv t'liipivical ftirniula of Anthrnnilio aoiil, Bonxainio acid, Salicylamido, 
fiiitl Nili’iiUdiiidimi; bill tlio mtioiuil foriiiiila of Aiitbraiiilio acid is 
of Ikinznuiic ai-i.l, G"Il»Adf:H; of Salicylamido, C'‘IPA(10“,0“j 
nnil of Is'ilrotohiidim', 


IV. DnOOSft'OHt't'tONfl AND TtlANRDonsrATKlNS OP OuOANIO COMPOUNDS. 

'V•^v may aafoly aHaunio that tbo chcminal fovoio which uuiloa the 
tdoiuoiitH of an organin coinpnuml is in imist casoH woakivr than that by 
whioli imirganio coiiipoiiiulH, Buoh a« carbonic oxido, oarbonic acid, watoi’, 
Rulphido of carbon, milplinrotlod hydrogen, ph(m]iliurottoil liydrogoii, and 
ammonia, arn liold tognlhor, and that thn poimfcilm'iit.M of llio iiioro siinplo 
orgariio conijimindH, Htudi an inarHli-goH (G’II*b olcfiiiut-givn (Cdll^), cyann' 
gtm (('.*N), &o., ai'o nnitod by a Hlrongnr alliiiity limn iIioko of tbo more 
complex fiulmlaiiccH. Tbo«o adiiiitioH, which tcml to rcstoro llio consti- 
tuenU of an organic coinponnd to tbo inorganic Btato, togotlior with tbo 
gcraal allinity of lioat ftir liydrogou and nitrogmi, whicii favours tlioiv 
ovoliition in tbo gaHcouft form, might, bo expootod to produce a spoody 
ilceouiposition of organic) compouiid.'i, after tlio death of tlio plant or 
firiiinal whicli Iiiih produced nnd uiaintaincid tbciii during its life. Novor- 
lludcHH, under ct'rtiiin oxlt'vnai ciroumHtancoH, I'Hiioo.ially at low toinpora- 
tiUTs and otit of contact of air, llioy roiiiain inmltorod ovon uftor tbo doatli 
of tlio plant or animal. T'lic olomontary atoms, by a poouliar si’s iiwlice, 
romaln in tho redativo position into which they wore brought when tlio 
organic coin|ioiuid was formed, nltliougli tbo iiliiiiitics wliicli tend to tho 
furnialion of gasos and tlio prodiiolion of oavlioulo acid, water, &c., aro in 
reality of greater intonsity. Hliglit causn.s, liowovor, aro mdlioiont to 
bring tlicHe stronger atruiitio.s into action, and then tho original organio 
oorupmind is doconiposod, with ovolution of hydrogen and nitrogon gases, 
and formation of tho abovo-montionod inovgiuiio oomiioniids, or of organic 
compounds of lower order and hold togolluir liy strongor alHuitios. ^ Tlio 
same phonoraanon Is likowiso oxhihitod by inorganic ooiiipiuuids: Nllrito 
of ammonia is resolved at 60" into water ami nitrogon gas, and uitrato of 
ammonia, at 238 ', into water and nitrous oxide. 

Tlio transfonnatioiiH of organio compounds may tako placet in tlio 
following ways; 

1. Convorsion of ono isomorto, polymorio, or niotainorio compound 
into another (jip. OU—OO). 

2, Substitution, 

8, Absorption of ono or more substanoos into tho organic compoiiml 
from without:—Absorption of nxi/ffen; Aldoliydo, is oouvortod 

into acetic acid, C*rPO'‘j—of hydragm; Indigo-bliio, C'"IPN0“, into 
indigo-whito, C'TPNO’j ohinono, into groon and oolonrloss 

kydroohinone, and C'*IPO*; of hydrogen and oxygen togotbor; 

Isatine, G'^IPNO*, is converted, by the action of atpiGOUs potash, into 
iaatinio acid, Cl‘'H'’NO“} oU of turpentine, by talcing up 4,H0, is 

converted into ttirpontino-camplior, . 



5. Resolution into sovcral now organic, or partly also inorganic 
compounds: separation, dcdouhlement. —Chloral, C'‘HCFO'“, treated with 
aqueous potash, is resolved, with decomposition of 2HO, into formic acid, 
C-I-PO'*, and chloroform, C'^HCP; acetic acid, C'‘li'‘0^, ignited with excess 
of baryta, is resolved into marsh-gas and 2 At. carbonic acid, C’*0‘. 

C. Complete decomposition into inorganic compounds and oloments:— 
By the complete combustion of organic compounds;—by passing some of 
them through rod-hot porcelain tubes;—by treating oxalic acid with oil 
of vitriol. 


1. Suhstilution or Metaleiisy. 

This term, talcen in its widest sense, may includo all decompositions, 
in which, by the action of a simple substance, or of an inorganic or even 
an organic compound, any clement of an organic substanco, excepting 
carbon, is wholly or partially withdrawn, and its place in tho organic, 
compound is supplied by an equal number of atoms of another simple 
substance or of another comjmund, organic or inorganic,—so that wo may 
suppose that tho atoms of tho new substanco, simple or compound, take 
the places jiroviously occupied by tho substanco which has boon romoved, 
and thoreforo, not only tho numbor of atoms in tho compound, but like¬ 
wise their relative position, remains tho same. 

Tho carbon of an organic compound cannot bo romovod by substitution; 
for this element is tlio one essential principle of organic compounds; tho 
numbor of its atoms doterminos their character; and no other substance 
can take its place. Without carbon, nothing organic can exist 1 Even 
the diminution of tho numbor of its atoms in a compound would immo- 
diatoly removo that compound into another series, and alter its oharaotor 
entirely.—Walter’s supposition that in sulphoeamphorio acid, 2C are 
replaced by 2SO, is utterly inadmissible. It is only when tho substitu¬ 
tion-theory admits tho possibility of replacing carbon-atoms by others, 
that it deserves tho ridicule sometimes oast upon it. (Ann. I’harm, 
33, 309.) 

Tho romoval of ono of tho clomouts of an organic conqionnd by tho 
action of any substanco, is not always followed by a true substitution. 

Somotimos certain constituents of a compound are romovod without 
any substitution:—Thus, alcohol, is do^irivod by tho oxygen of 

nitric acid, &c., of 2 At. H, and there romains aldonydo, C*I-PO’.— 
Similarly, 10 of tho air takes away HI from indigo-white, 0'“H“N0’, 
forming water, and loaves indigo-blue, C’d-PNOk 

In other cases, the replacement of tho original substanco by tho 
now ono is incomplete.—Thus, by tho continued action of chlorino upon 
alcohol, 5H aro romovod, but only 3G1 ontor into tho now compouml, 
ohloral: 

C-'n«02 + 8Cl = CiI-IC130= + 5ITC1. 

In other oases, again, tho compound, after substitution, contains more 
atoms than before,—sometimes hccanso tho compound formed by tho 
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PKCOMPOSmON OF OHOANIC COMPOUNDS. 


Kulmtitution of tho (;oiTOHp<iutln)f; muulicv of atoms of tlio iiitroducod 
Hiilistniico, takes up an iuklitional niiiubw of them (outside the luicloiis); 
woinotimes, a^^ahi, hceiiiiso it rrtaiiiH tlio compound foniual hy tlio miioii 
of tlio iilwtrjieti'd snlwtaiico with iho dco.omposiuf; body, in a stalo of looao 
eombimition (likewise tmtsido the miclous).—An instance of the former 
ease is atforded by (doliaut-ga.s, C'll*, wluoli, wlmii troatod witli chlorine 
ill snnsliino, is ultimately eonvorted into C‘(J1“: 

C'lU i-lOOP • O'CU-i -inCl, 

In (liis ease, the t.rue .snlmtitution-jivodnct of (Pit', namely, C‘Cl‘, 
taIcQH up two additional atoniH of ehloi-iuo.—An e!ca.mple in wliich the 
dceompesitiou-jiroiluct formed in tho .substitution—that is to .say, the 
eonipomul formed by the union of tho abstracted element and tlio actinic; 
snlmtance—renmiii.s eembined witli the oi'^anie. isimpeuml altered by 
substitution, is ad’oi'ded by benzido, C*''!!*. 'I'liis sub.stiuico, when treated 
with oxdOHS of (diloriiio, yields C'’H“C1'’, or moro properly, (P-*ir''L'P,/IIICI; 
mill will'll tho .IIICI avQ romoved hy jiolasli, tho true snb.stitntion-product 
vcmaiiis. 

In many orpianio eompoumlM, it is poRsihlo to oil'uct tho eomideto romoviil 
of ouo of tho coiiHlittiont.s, liydroj'oii, for oxaniplo, hy siilmtitiitioii, if tlio 
siilmtaiiee which prodnco.s tho snbstitnlion be alloweil to act in Huniciont 
i|uanlity and muler flitino tdremuslunceH (of heat, Ii>,d>t. &«•)• In snob a 
ratio, as mio iiftor amitliur of the romovable sabslances is reiilaced, the 
original compoiiiid paHses through scvonil dolhiilo itiloriiicdlalo .stages to 
tlio bust stiigo, in wliicli ouo of tho olonionts of tho original compomiil Ima 
cimipletoly diHupjieavod. Tlius, iiydroclilovie etimv, (1*1 FCJl, when exjuisnil 
tu tho action of cliloi'ine, at contiiiiiully higlicr degrees of light and heat, 
is oonvorte.cl, (irst into G'nitli''*, thou into C‘Il''t;F, tlieii into 
llmu into (1*11(11“, and finally into C‘(ll". 

In ollii.'r eompomuls, only a portion of tho hydrogeu-atoiiiH can bo 
roniovod by substitution, us in (.l*''’ll“, C*’!!’", tkc. 

Kubstitalion may tako pl.ice in llie following ways: 

1, Olio or nioro atoiiis of tlio .siibstanco wliieli iiels on tlio organic 
coinponnd, nnito wilb ono or moro iiloniH of llio romovablo element, and 
form an iuorgaiiio compound, wbiio otlrnr atouiH of tlie ae.ting body, ecpiat 
in number to tlio abstracted atoiiw of tho nmioyablo substaneo, enter tho 
organic oompoiiiul:—Thus, for oxiiinplo, in tlio siiliHlitiition of liydrugoii by 
cliToritioi 

CHI'O' + OCl 3HCI4- Ct'HCUO'. 

Acrlir iicltl. ChlunniMH' juiil. 

2. A compound body acts upon tho orgiiiiic sulmtauee, one of its coii- 
slitueuts uniting with tlio romovablo flubstaiice, while aiuiLlim' iiortiou 
takes tho plaeo of tho latter in the organic nompomid.—Thii.s, in tlio «nh- 
Htitutlon of liyponitvic acid for Iiydrogou hy the action of nitric acid, or 
of HulpluivoUB acid for hydrogen, hy tho action of sulpluirio acid, or of 
NH for 20 hy tho action of amiiionia: 

C'-H" + N0“ -= lU) C'“I1“N0'( r.. (;>-’ll»X). 

C'-U''-s.S0P-3 lIO-i-(:«n“S(F. 

C'“U»,0'* s- NIP ==-• 2110 -i- C«1FN. 

(i. Hydrogen is tho oloraoiit most /roi[ue>itly replacod, and liy tho 
following substances: 



into liydrochloric aod and chloral; 

CiH>02 + fiCl = 3HC1 + C'11C1^0^ 

Bouzolo acted U 2 >on by bromine is first convortod into hydrobrouiato 
of bromobonzide: 

C>=H“ + GBr = C'’Il'‘Br^,3IIBi-; 

but wlioii tlio SHBr are romovod by caustic potasli, broniobcnzido =: 
C'*I-PBr^ alone remains.—Olefiant gas, C‘I-r‘, yields, -with iodino, first, 
C^H’I, HI, and after withdrawal of the HI by potasli, C‘IPL—Hydro¬ 
cyanic acid, C’NH, with 2C1, yields HCl and chloride of oyanogon, C*NCl. 

Compounds in wliich hydrogen i.s replaced by chlorine, bromino, or 
iodine, po.3sess the character of the original compounds, Tims, not only 
do acid compounds retain their acid charaetor, and nontial coiuponnds 
their neutral character, but even basic comiioinuls retain their ba.sio 
character, in a le,ss degree, howovor, as the nuinbor of hydrogon-atoms 
removed is greater; c.g., in Aniline. The compounds in which hydrogon 
is replaced by chlorine or bromino likewise exhibit with snlplinrons acid, 
liydrosnlphate of aiiimoiiia, boated potash, &c., roactions oxnctly cor¬ 
responding to those which arc exhibited under similar circiimstaneos by 
the original compounds. Tbo chlorine, bromine, or iodino in tho.so com¬ 
pounds is not indicated by solution of silver, not ovon whoii tbo com¬ 
pounds insoluble in water arc dis.solvod in alcohol; tho reaction does not 
take place till they are docomposod. 

By Oxygen. —Alcohol by taking up oxygon and parting willi 
hydrogen, is converted into acetic acid: 

C'II"02+40 => 2110 + C'H'O'. 

(Gorhardt does not admit tho substitution of H by 0, S, So and To, which 
in fact would not agree with tho double atomic weights [in comparison 
with that of HJ, which ho assigns to those demonts [p. 28;; ho sii))po 60 H, 
therefore, that in the conversion of alcohol into acotic acid, only 1 At. 0 
enters the compound for every 2 At. H withdrawn, so that tho rosnltiiig 
compound contains a smaller nnmhor of atoms: C’lPO-1-20 = H“0-h 
C-n‘Ob) 

Ry a Metal. Many metallic salts of organic iiclds in their grc'utc.^t 
state of dryness, may bo regarded as acids dried per se, in wliieli, 
according to tho monobasic or j’olybnsic cliaractor of tho acid, oiio or 
nioro atoms of hydrogon arc rojilaccd by an ccpial numbor of atoms of a 
motal; e.g., 

C 'H'O' + KO = 110 + CIPKOI. 

By llyponitrie acid. When strong nitric acid acts ui)Oii an organic 
compound containing hydrogon, its fifth atom of oxygen often combiiios 
with hydrogen, forming tho conipoiiiul HO, and Nd‘=X takes tho place 
of tke hydrogen.—Thus, when Benzole is di.ssolvod in strong nitric acid 
and water added, Nitrobenzldo separates out: 

C'^IP + NO® =.H0 + C'=U»NOi ( = C’=H®X). 

Similarly, Benzoic acid, C^'I-PO*, is converted by strong nitric acid into 
Nitrobenzoio acid, C“H®XO^; Salicylic acid, CIP'O", into Indigotic 
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ndd, C'lPXO'’; 

cnpxo'. 


and Ciiiiuiiuio awd. C'^IPO*, into Nitrociiinainio acid, 


It wtiiild n]iiioiU' llial mit luon' lliun At. II of n. compound can bo 
roplacod by N()‘j if too mn('h hyponitrio acid accmnulatoH in tlio com¬ 
pound, i(H oxyjtccu buni.-i tlui carlion, and comploto docoiuposition takes 
lilaco. Onmponmlfi retain tlicir oripiina! cliomical cliaractor, ovon after 
thn .snlwlitution of N()‘for It. Konco tbn now compowid exhibits acid 
character.^, only when the oviKinal coinjionnd was an acid, Tlio acid 
clniractof, liowocor, ia Htianij'tlnsnod by tbn Kiib.stitntion. Tho resulting 
romponmlH are goiiorally yellow; inimt of tboin ibdbigriito when hoatod-— 
if they do not ovajiovato nnalti'Vod—beeunse, like gniijiowdcv, they contain 
curbon Ingethcr witli the hioaely cointiined oxygon of tho hyjionitric acid; 
they dolonate wiih eoilinni uinler the liannner. Thoy give off rod fiimos, 
when Iioatc'd witli oxido of niangaiuiHo and snlphuric acid, or when heated 
alone, or in preHtniae of chloritio gna, oven witliont contact of air. 

Tlioso nilro-cmnponnds might bn regarded as eoinbinalions of nitrons 
acid with an organic oxido, oorroKpouding to tho coniponnd elhois, 
Viewed ill Ihia light, Nitrobe.nzhlo would not ho C'MPNO*, hut 
O'-'IPOiNO®; in that caso, liowovor, Binitrobonzide, C’‘IPN“0“, nuist, to 
ho oonaistont, Im expresHod hy the hinnnla C“If“0\2N()“, which contains 
1 At. n morn tlian in givou hy analyni.s. A still strongor olijoction is 
foniid in tho fact, that tli<;HO compounds aro not converted hy potash into 
nitrous acid and tint oxido mi]ipoH(!il to exist in them, as tlioir assumed 
analogy witli tho cominmiul othors might lead ns to expect. 


By Hulphirnuii fluid. Whon strong aul|ihnrio acid acts upon organic 
oomnonuds, its third atom of oxygon soinotmieN forms water with part of 
tlio liydrogen in tho eonijiouiid, and SO* takas tlio placo of llio hydrogen.— 
Anhydrous sulplnirio ueid with lionxido forms snlpliobonzido and water: 


C'-'U" cW(.s()5).sno. 


Mitachorlieh {I'oi/i/. .11, Oil) first showod, in 18.14, that nitrlo and sul- 
plnirio noid cim enter so intiinaloly into an organic compound in tho 
forms of NfP and St)*—witli Hojiaration of water—as to loso tlioir acid 
oharaeter. 

lly Ori/aniv ItadicaU, such as Ifeiliulf Ethyly Amyl, Fhmyl, &o. 
Tiiis siilmtituViou is seou in tlio now compound ammonias discovorod by 
Wurtz and Hofmann, in which ono or more of tiio liydrogeu-atoms in 
ammonia is replaced hy methyl, olhyl, &c..; c. y., Metliyhimino = 
NIP(C“H*); Ethylamino = NIIXCBP); .Dinmylaniinn = NH(C'“H’')*; 
TrlothyIamino = N(C*IP)''; I)iolliylaniylaraino=Nn(C'‘n'’)(C‘'’II"), &c., 

&o. (p. 17.) t 


/>. OhloriWy Jh'omine, and ToiHne aro roplacod: 

By llyilrotjeji. This siibstituliou is ofTeclnd hy moans of potassium, 
zinc, ikc.; also at tho ncgativo jiolo of the eloetvic circuit, in jireseuco of 
water.—■ Acetic acid, t/HrO*, may bo converted hy chlorine into cliloraoetio 
acid, CHOf'O*, and tho latter may ho rocoavortod into aootio acid in the 
form of a, potash-salt, hy bringing it, in tho dilute state, into contact with 
potassium-amalgam. (Mulsons.) .IK take up iCl; IK ^oos over to the 
acetic acid, and 2K transfer 211 from tho water to tlio aelil: 

CiHCl»0' + CK2110 C'KIPO' + 3KOI + 2K0. 

By Amidogmi. Ammonia acting upon compounds containing Cl, Br, 
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Qi' I, gives up its tklnl atom of hydrogen to tho ohlorlno, hromiiio, or 
iodine, and NIP passes into tho compound, while IICl, IIBr, or III is 
separated, aud oombinos with tho oxooss of ammonia.—Clilorohouzoyl 
with ammonia yields bonzamido aud hydrochloric acid: 

c''>H=cio=+Nii“ = c'di'iNuaio'!+nci. 

By Sulphur. Sulphide of potassium aots on cortaiu orgauio com¬ 
pounds in such a manuor as to form ohlorido of ])otassium, whilo sulj)hur 
ontors tho compound in place of tho chlorine.—Tho compound of ololiaiit 
gas with chloriiio=C‘I-r‘CB forms with 2 At. KS dissolved in alcohol: 
2 KOI aud CB-PS”. Similarly, hydrochloric othor, C'JPCl, with KS di.s- 
solved in alcohol, yields KCl and C‘IPS (sulphide of othyl)j and with 
KS,HS, dissolved in alcohol, it yields KOI and CT-PS® (moroaptau), 

c. Ilj/pnnilric aaixl may ho rci>lacod: 

'Qj Amidoge.n, when tho compound containing N(P is acted njum by 
hydro.sulpluu'ic acid, either IVoo or combined with ammonia. In this ca'-o, 
tho N of the NO' remains in tho coiiipouiul, but gives up its dO to 411 
of tho hydrosulphurio acid, taking in its placo 211 from 2 other atoms of 
HS, to form amldogon. Hoiico, for each atom of NO''convonod into 
■amidogen, fillS aro docomposod .and (!S procipitatod.—This obaiigo is 
Qxemplifiod by tho couvQr.siou of Nitrobouzoio acid into Bonzamic n,cid: 

C"ir'(N()')0' + fills = cniF-fNlPlOi + 4110 i-fi.Si 
also by tho convorsion of Nitrobonzido into Anilino; 

C'!IPNO'' + OIIS CnUN + 'lIlO + llS! 

of Nitronaphthaliuo, C^'’I-PNO', into Naphthalidam, C^IPN; and of 
Binitrobonz.ido into Nitranilino: 

C'-ir'2(N0') + tins = C'-'’II-'(NO')(NU!) + 4110 H- CS. 

Hyponltvic acid may also bo rejdacod by Nitrogen. —Thus Nitrobou- 
zide, C'“I-PX, when heated with alcoholic x>otash, is convertod into Azo- 
bonzido, C'^I-PN, with formation of oxidation-products of tho alcohol by 
tho 40 of tho NO'. 

d. Oxygen in an organic compound may bo ronhicod: 

By Amidogen, by tho action of ammonia. The lattor compound is 
frequently resolved by tlio oxygen of tho orgauio Hubstaiico into 110 and 
NI-P, which outers in jilaco of tho oxygon.—At tho stuuo time, 1 At. HO 
oscapos from tho comjioiind. Salicylato of ammonia, whon hoatod, is 
resolvod into water and Salicylamido: 

N1F,C>'1P0"= 2lI0 + C'''ll‘Nn'-0i ( « C"U«A(K)''). 

By Nitrogen, likewise from tho action of ammonia; inasmuch ii,s, in 
certain cases, all tho 3H of tho ammonia appear to combine with 30 from 
tho organic compound and form water, so that tho 30 are roiilacod by 
IN. This case then does not strictly como under the bond of substitu¬ 
tions, because tho numbor,s of atoms of tho substituting and substitutod 
body are unequal; and tho now compound does not belong to tho same 
typo as tho original.—Thus 3 At. Bitter almond oil with 2 At. ammonia, 
form 6 At. water and Hydrobonzamido, or somo othor compound isomorlo 
with tho lattor: 

3C"IP02 .|. 2MIP = Olio H- C‘hU"N2. 
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Examples: Oxalic acid, C^IW, with 2NH^ yields 4HO, and Oxaniide, 
C*H'‘N-0'‘. This may be regarded as a compound of the two residues, 
C‘H"0‘and 2NH. 

Benzine, C‘'H“, with concentrated nitric acid, HO,NO'’, yields 2110 
and NitrobonzidG=C'’*I-PNO* (=C'-H®X): accordiim to Gerhardt’s view 
=C’*IB(NH0‘). 

1 At. Wood-spirit, C'H^O", with 2 At. sulphuric acid, forms Sulplio- 
methylio acid=C=H'‘0'^2S0\ This reaction is expressed by Gorhardt ns 
follows; 

C=H'0= + S-I-FO‘'-2HO = CnPO- + S-II-O'’ = Me + Su. 

[But the residue of sulphuric acid cannot always be expressed by 
S“H’0“. Thus, Wood-spirit, C-H-'O-, and S0“ form tlO and sulpimto of 
methyl=C^H.“0,S0^. In this case, Gerhardt doubles the formulm, because 
he estimates the atomic weights of S and 0 at twice their usual values, 
and therefore supposes 2 At. of oil of vitriol, as given in this H.and-book 
=S'“H“0'’, (or according to his own atomic weights, SH-O',) to bo con¬ 
cerned in the action. Tims. 2 At. wood-spirit, C'tPO*, with S'-hPO*', 
form 4HO and 2 . C-H-0--t-S-H-0^; and .since the sulphuric acid mn.st 
have given up 40 to form 4I-I0, its residue must be S'-IPO'.] 

Alcoliol, C'‘H'‘0^ with formic acid, C’ll'O*, yield.s 2H0 and formic 
ether^CHPO*. This, according to the ordinary view, =C'I-PO-1-C“H0-'; 
according to Gerhardt’s, it is C‘fPO^-(-CT-PO’-=E-|-Fo; &c. 


2. Decompositions ly IIcat. 

a. Dry or Destructive Distillation .—Some organic compound,s boil at 
so low a temperature that, when heated in a retort, they pass over 
unchaugoJ, especially if the .air be excluded; e. y., Alcohol, ether, vola¬ 
tile oils.—The air in the apparatus may form more fixed jiroducts by 
oxidation, ami these will not pass over without decomposition; e. </., 
small ciuautities of resin formed from volatile oils. 

Other organic compoumls, on the contrary, wdiich would not boil till 
raised to a higher degree of heat, undergo, before they attain tlio boiling 
tennieniture, that kind of decomposition called. Decomposition by Dry or 
Destructive Distillation. 

Compounds whose boiliug points are not much above tlie temperatures 
.at whicli tlioir decomposition begin.s, pa.s.s over to a certain extent unde- 
composed. For the vapours and gases produced by tlic (locomposition of 
the emo part, take up the otiicr part of the compound below tlio boiling 
temperature iu tlie form of vapour, just as water evaporates in tlio air 
consider.ably lielow its boiling point (1., 26C).—Tims, oxalic acid, margario 
acid, and other fatty acids, also pinic acid, and certain other resins, 
indigo-blue, &c., undergo but partial docomposition. Such compounds 
may therefore he volatilized without decomposition, if tlioy bo heated in 
open vessels to a temper.aturo somewhat below that at which they decom¬ 
pose; or in a wide distillatory apparatus filled with air; or in a tubo or 
a conical enlargement of it, through which is passed a stream of iiir~or 
if the air exerts an oxidizing action—of hydrogen, nitrogen, or carbonic 
acid gas; also when carefully heated in vacuo. {Comp. Gay-Lussac, Ann 
Chim. 74, 189; also N. Gelil. 9, 70.5.) 

A contrary action is exerted by sand, brickdust, etc., mixed in largo 
quantities with the organic compound, even if the boiling point of that 
compound be below the temperature at which it dccompo.se.s; for tho 
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evolved chiefly from compounds contaiiiing but littlo oxygon, sucli ns 
fats and resins; tlie greater their proportion in tho gasoons mixture, tho 
more brilliant is its flame and the better is it adapted for illumination.— 
2 . Volatile oils generally having an ofl'onsivo odour, and designated, 
from their mode of formation, as Empyreumatic Oils, They aro hydro¬ 
carbons, sometimes pure, sometimes slightly oxidized. To this class of 
products belong tho two empyreumatic oils which Faraday obtained 
from fat, also eupione, creosote, picamar, and kapnomor, obtained by 
Jleichenbach, pyrrol by Runge, and several oils obtained from resins by 
Fremy, Couerbe, Laurent and others; &c. &o.—3. Cam 2 )horoklal com¬ 
pounds, which may he called Empyreumatic Campthors or Slearoptenes 
in general; they consist wholly of carbon and liydrogou; but some of 
them "appear to bo produced from other volatilized compounds, which arc 
subjected to tho further action of a rod heat within tho apparatus.— 
4. Resins, which may be called Empyreumatic licsins, containing hut 
little oxygen, and generally dark-coloured; ncconliiig to Un vordorboii, 
some of them dissolve botli in alcoliol and in jiotnsh, otliors only in 
alcohol, others again only in potash.—5. If the original compound con¬ 
tains nitrogen, Volatile Alkaloids aro also given off, such as Aniline, 
Lenkol, C'^K’N, Odorinc, Animino, Otanino and Aminolino, 

■ according to Unverdorbon.—IT Anderson has obtained, from tho distilla¬ 
tion of bone-oil, throe series of bases, viz., (I.) ammonia and a series of 
bases homologous with it, viz., Mothylamine, G^I-PN, Ethylamino, C'H’N, 
Propylamine, C'lPN, Butylamino (petinino), C“PP'N, Arnylaminc, 
C'“H'*N, and probably also Capvoamino, those bases all vola¬ 

tilize below 240°.—(2.) A series of bases boiling above 240°, peculiar to 
tho oil, homologous with one another, and romarkablo for their isomerism 
with the series of which aniline is tho type; these are; Pyridine, C’“IPN; 
Piooline, isomeric with aniline; and Lutidino, isonioric 

with toluidine.—(3.) A series of bases homologous with Ruiigo’s pyrrol, 
and therefore designated provisionally as Pyrrol-hases; thoy appear to bo 
coupled substances, consisting of members of tho picollno-sories in com¬ 
bination with a red matter, which separates when they are heated witli 
an excess of hydrochloric acid. (Anderson, Ed. Phil. 2kans. 20, 2, 247; 
ahstr. Chem. Soc. Qu. J. 5, 50.) V 

As tho more volatile products escape, substances of continually dimi¬ 
nishing volatility remain behind; and these, as tho tempornturo rises, 
aro either evolved unaltered in tho gaseous form, or resolved into inoro 
volatile matters and residual products of still greater fixity. 

The hydrogen, nitrogen, and oxygen, which finally remain, are either 
sufficient to form, with the whole of the residual carbon, a compound 
(vhioh is volatile at a higher temperature, in which case nothing romains 
in the retort; or, the relative quantity of the carbon is too groat to 
enter wholly into such a state of combination; and then, as tho Jieat 
approaches to redness, this excess remains behind in tho form of charcoal, 
still combined with small quantities of the other substances, which, how¬ 
ever, are separated tho more completely as the residue is finally subjected 
to a stronger heat. 

Compounds containing a medium quantity of oxygen, such ns sugar, 
gum, wood, and glue, leave, if they arc not volatile, the largest quantity 
of charcoal; because a largo portion of tho hydrogon, which would other- 
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tli 0 carbonic acid, and in tlio form of carbonate of ammonia, imparts an 
alkaline reaction to tbo liquid. By this cliaracfcr, a uon-aKotiuod organic 
compound may bo distiuguisbed from ono wliioh contains nitrogoii. llio 
former yields an acid diatillato, wliioli does not giro oIT luuuionia oven 
on the addition of potaab; tbo latter gives oitlior an lUknlino <li.stillato, 
or, if it contains but little nitrogon, a neutral or acid distillate, wiiirb 
gives off ammonia wbon ti’oatcd with potash. But a non-azotizod 
organic coniponnd likowiso yields ammonia by destraotiyo^ distillation, if 
it bo previously mixed with nitro. Thus, giim-arnbio distilled with one- 
tentb of its weight of nitro yields ammonia and a jjyrophorio charcoal 
containing cyanido of potassium. (Vaiiqnolin, Aim. Chim. 72, .^9).— 
H Tlio watery distillate from azotizod organic suh.stanoes may also con¬ 
tain volatile organic alkaloids. (Andor.son.) IT— d. Tlio watery distillate 
likewise hobbsin solntiou a small qnantity of the tarry iviattor next to bo 
considered, wbiob gives it a brown colonv. 

3. Oily or Tarry Didillate, AJitipyreavwlic Tav. —Oonorally a brown 
and fetid mixture of different om]iyrouniatio oil.s, cainpliors^ imuI rosiiiH, 
wbicli, according to Unvordorben, may likowiso contain volatile alkaloid,s, 
a brown mouldy .substiiiico, and another l)rown snlisUinco siilnble in water 
and alcohol, and forming with potash baryta ami limo, coiiqniimilH which 
aro soluble in wator, and, with tlio earths, coniponmls which an' insolnlilo, 
['J'lie oily lm,si;s (li.soovcrcd liy Anderson in the Oleum miinirili' Pi/i/wlii Inivo nlri'iiily 
been meiitimu'd (|). 7U)]. Tho most fetid tar is Unit iilitainnd from the movo 
highly azotizod compounds, micb iw golatine and white of egg. Tbo 
ollbnsivo odour of most omiiyroumatio tars is asoriliiul by ITuvordovlion 
{Toyy. a, 2.)3, 297, and <177) to a pocidiav oily acid which ho falls 
enqiyreumatic acid {Ilraiuhiiure), but M'hich varies with tho uatiu'o of 
tho original compound, being somotiinos lighter, sometimes hoiivier, than 
wator. 

4. Siddimcd Froducts. —Those products consist soniotimos of an aoid, 
e. y., pyrogallic acid, somotiinos of a camphor, somotimos of oarbcinato of 
ammonia, 

5. Charcoal. 

Sonio organic compounds yield all those prodnots, viz., gases, watory 
liquid, tar, sublimate, and charcoal. Such is tlio oaso with gelatin, 
albumen, Ac., in which tho suhlimato consists of carhoniitu of ammonia, ■ 
Other compounds, as sugar, woody fibre, Ac., yield gases, a watory liquid, 
tar, and charcoal, but no sublimate. 

Many acids are wholly ro.solvod into water or earlionic acid (or both 
togothor), and one or moro uciil.s, culled Pyro-acids, containing loss oxygon. 
The Jccoinposition is not attended with ovolntion of gii.s,— oxcejiting in 
some eases, carbonic acid,—or with separation of charcoal, especially if tho 
boat bo carofully ajijilioil, so that tho now ctiiniionudH, at tho nioinoiit of 
their ovolntion, may not bo exposed to a stronger boat, and tliorohy 
rosolvod into charcoal and moro complicated prudiicls, Distillation of 
this kind is distingnishod by Polonzo {Ann. Chun. F/iys. 50, 803^, who 
has dosoribod several instances of it, by tho term W/ule DisUlhdion 
{Fisiillalinn hlanche), tbo otlior form of tho procoss, in wliicli oliarcoal 
romaius behind, boiiii| called Black ditlillalion {DistUkUion noire). 

Malic acid (considorod as bibasio), wbon quickly heated to 2(10', is 
almost completely rosolvod into water and maloio aoid, whioli distil over ; 
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tlie carbonic aoiil, anil in tlio form of cavbonato of amiumua, impartH an 
alkaline reaction to tlio liquid. By this character, a non-azotizod organic 
compound way bo distinguishod from ono which contaiiiH nitrogou. J ho 
former yields an acid distillato, which does not givo oil annninua oi'on 
on the addition of potash; the latter gives oithor an alkaliiio di.stil ate, 
or, if it contains but littlo nitrogen, a neutral or acid distillate, wliicli 
gives olT ammonia when trcatcil with potash. But a non-azotizuil 
organic compound likowiso yields ammonia by dcstructiyo^ distillation, il 
it be previously mixed with nitro. Thus, gum-arabio distillod with one- 
tenth of its weight of nitro yields ammonia and a pyrojdiorio oharcoal 
coulaining cyanide of potassium. (Vanqiiolin, Ann. UJiim. 72, .^H). 
t Tlio watery distillato from azotizod organic mibstimccs may also con¬ 
tain volatilo organic alkaloids. (Andcraoii.) IT— d, '.I ho watery dl.stillato 
likewise bolds in solution a small quantity of tlio tarry matter next to bo 
considorod, wliicli gives it a brown colour. 

0. Oily or Tarry J)isUllatn, Empyreumnlio Tar. —Generally a brewu 
and fetid mixture of dilTcroiit ompyroumatie oiks, c.iunpliors^ and rosiiiH, 
wbicb, according to Unvordorben, may likowiso coiitiiiii viiliitile alkalnids, 
a brown mouldy substiiuco, and aiiotlior brown siibstaiicc Holiible in wiitor 
and alcohol, and forming with |iotiLsh liaryta and liiiio, coniponndN wliioh 
aro solulilo in water, and, with tlio earths, coiiipoiiiiilH wliicli iiro inHoliildii, 
[The oily linsi'S (iiseoveml liy Amlci'Him in llm Oleum laiimiile l>i/ijieOi liiivi’ iilrniily 
lieoii meiitiom'il (p. 7!))]. The most fetid tar is that obtiiiiicd Innii tlio liioi'o 
highly azotlzcd coiiipoinids, such as goliithui and wbilii of egg. Tim 
oJleiisivo odour of most ompyroiimalio tar.H is iiHcribcd by Unvnrdorbon 
{2‘oyff. 8, 2,03, 297, and 477) to a pocnliiir oily acid wliioh bo cuIIh 
enqiyrmmalic acid (Jirnndaiiiirc), but wliioh varies with (he nature of 
tho original compound, being somotimos liglitor, Kometiwos lieavior, than 
water. 

4. SuUime.d Proditcis. —Those products consist sometimes of an acid, 
e. g., pyrogallio acid, somotimos of a cainpluir, somotiiiios of carhonatc of 
aiiimmna. 

5. Charcoal. 

Somo organic conipoiimls yield all those prodiiots, viz., gases, watery 
liquid, tar, sublimate, ami charcoal. Such is tho ouho with goliUin, 
albumen, A'C., in wliioh the siildiiiiato consist.s of carbonate of aiinnoiiia. 
Other comiioimils, as sugar, woody filiro, itc., yield gases, a Avatery liquid, 
tar, and charcoal, hut no siiblimato. 

Many acids are ndiolly rosolvcd into walor or carbonic acid (or boLli 
togotlior), and one or nioro iioids, ciillod I'yrn-ne.lth, c.oiilainlng less oxygen. 
Tho dccom])ositioii is not attoiidod with evolution of giis,— exc.iqiting in 
some oasosj carbeiiic acid, -or with siqiaratioii of uliarcoiil, espcciiilly if the 
heat bo carefully apjiliod, so that the new oompmuulH, at tlic nmnunit of 
their evolution, may net bo exposed to a sti'imger heat, and thereby 
resolved into oharcoal and more coiuplioatud products. Distillation of 
this kind is distinguislicd by rolouzo {Ann. C'/um. Phya. SO, who 

has dosoribod several instances of it, by tho term While. DiahUiUmn 
(PiaHUalinn blanche), the other form of tho priicoss, in which eliareoal 
romains holiiiul, being called Black ditUUalion {Dktillalion nnire). 

Malic acid (considered as bibasio), when quickly lioatcd to 2IH)is 
almost completely resolved into Avater and maloio aonl, wliioli distil over : 

Ciai'O"' = 2(C‘lPO') + 2UO. 

At LTO", it yields, ns principal product, a residue of fiimario acid, whierii 

VOL. Vlt, (1 



OTOOMPOsmoH OP onoisio compoosds. 

1 • ! 1 nml rnav 1)0 TOjitW'iloil ti9 a \)'il)aslo acid 

Pyromuoio aoul: 


82 

is 


C'^lPO'*—2CO®—GllO C'"I1'0'*. 


oH.i. .Pi.). w.». 


C«U’'0''-2110 .x") C''^U'''0''.'. 

. . . 1 -f slvoivKly lioatod in tlu) I'Otoi't, kIvos off 2 At. 

This aoomlio aoid, if ivH^ltaconio ticul: 

carbonio aoul, luul 




V.. 

t' / r fUrt f’itrio lUi'ul in (lo.coiupOHOil ui n 
At tbo BaniQ timo, into civvbouio osiffo, aootouo, ompy- 

difforont manner, boiiiK resowou 

cai-lunuo aold and a d.stdlato ot 

PyvogaUio noid! qhhaow » C'ni''0'> + ‘iVXP ! 


<r watar .uul onvbouio aci-l, and loaves Motor 
but at 2.'50'’ it gives off 
gallic acid i Ci'll'’0"> ® C«n'0‘ + 2Uf> -i' 


Ci'lrO'" “ . ,. I 

Py rotnooomo aoul: Qm,j4QH « call 'O” + ■> 


uHivw*- » 

4 n!,v,n« uvideannn'osO'U ’ 


jjiHaO" sw 2110 •'■ 200 + 2C0ii 
Q4J|3Cy* ms C^U^O* 'I* • 


A rm-mi olWmeiV '<y .J'J S’''Sl',',”.-.'! “«'mwi»’("»• 

,toti.rb.“r ii.,... ^,‘."‘)> rti 

in genera 1 . i/./ ^ 4„,.l.nlciil oi)enitu.n», ospoci. 


general . .obtain toobnionl onenitions. ospoci. 

Pry distillation is tbe ^ „„'i tin, oolloetion and appl 

;".”t ur:i»” a-y i- tt "n«” 

iriJAftiH., r‘ix'rS. a'«“ ‘'•' ’ 

fi««n live Bre is pnt out uy excluding ^ ^ vtinours of acetic aoul i 

?” S *? .1 Li iy ..v.™ 


“if Kx*, .f Fw. irr.'-ta ti;" “.-riia '■- 


Ji xt. I, av*:ix/ 


products is to heat \70od, turf, coal, rosin, or bones ami otlior parts of 
animals, to redness in closed vessels of cast-iron or briolovork, oitlior by 
jnoans of a furnaoo surrounding the vessel, or of several furiiacos placed 
within it. The elastic fluids, which issue by a tube from the gonoiuting 
vessel, are made to pass through cooler spaces, whore they deposit their 
tar and watery liipiid, while a niixturo of comhustililo gasos I'eniains 
uucondonsod. The charring of wood, conducted in this niannor, ^yields 
chiefly Wood-vinet/ar, or Pyroligneous acid, fitlod for tho ])roparation of 
the purer acetic acid and of wood-.spirit; coal, and inoro ospecially animal 
substances, yield largo quantitios of ammoniaoal salts, which are used 
for tho preparation of S(d-ammoniac (II., 478). The mixture of nneon- 
doused gasos, when freed by milk of limo from carbonic acid and sul¬ 
phuretted liydrogeTi, servos for Gas-lighting. For tho lattor ])urposo, tho 
gas from wood, which contains largo quantities of carhonio oxiile and 
hydrogen, and no olefiant gas, is least adapted; that from turf is hotter 
adapjtod j still bettor that from coal and animal .siih.Htanccs, which contains 
olefiant gas; hotter oven than this is tho gn-s from rosin ; ii.ml tho greatest 
quantity of light for a given volume, is yielded by tho giis prodmunl by 
(Irojiping fatty substances into tnhos kept at a ilidl rod boat, this gas 
being particularly rich in olefiant ga.s, and likowiso in tho vajieur of two 
cim)yroumatio oils, and ono onqiyroumatic camphor. 

Disinfecting poiuer of Heat. —Tho poison of cow-po(dc retains its 
ofTicacywhon drie<l in tho air on agla-ss plate at ordinary t(nnpovaturoH, and 
then heated for four hours to 4!)', but hocouio.s innooiions if healed for 
four hours to a temperature botwoon .04\0° and (iOhence C)‘i'CP appears 
to be tho limit. Woollen jackets which have been worn by persons 
sulToring from a contagions' typhus or scarlet fuvor, if (txposod to a 
heat of .OS'd”, do not communicate tho contagion to healthy persona. 
Honeo bales of cotton suspected of tho phiguo, should bo oponod and 
lioatod in double leaden receivers, by surroun<ling them with aqueous 
vapour; it is true that the cotton then booomoa very brittle from loss of 
water, but its tenacity maybe restored by exposure to tho air. (W. Henry, 
Phil. Mag. Ann. 10, 303; 11, 22, and 205.) It is not yet dcoidod 
wliothor this action depends upon tho dostruotion of certain organisms 
of tho lower orders and their gorms, or on the docomposition ed’ ])oisonous 
organic compounds, cither by heat alone, or by tho simultanoons oxiilixing 
action of tho air. (Gm.) 

5. A still more complete transformation of organic conn)nunds takes 
place when, instead of being gradually lioatod to rodnoss, they are 
suddenly exposed to a red boat by passing them through a rod-hot tube. 
Tho oxygon of tho organic compound is then, in most cases, oomplotoly 
converted into carbonic oxido, carbonic acid, and water; tlio hydrogen 
not thereby consumed, partly escapes ns gas, partly unites with tho 
carbon to form gaseous, oily, and oamphoroidal compounds, nnd partly 
with tho nitro^fon to form ammonia. But tho stronger and more ermtinm'd 
tho heat to which tho vapour is exposed (by using a long tiiho, and passing 
tho vapour through it slowly), tho more completely are tho hydrocarbons 
resolved—since tho allinity of heat for hydrogen increases with the tem¬ 
perature—into pure hydrogen, and carbon which is deposited in tho form 
of soot; in a similar manner, carbonate of ammonia, especially if tho 
tube contains fra^finonts of porcelain or metal wire (II., 432), is rosolv'oil 
into hydrogen, nitrogen, and carbonic acid or carbonio o.xido gas. 
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Naplitliiilin, C“I-P, is not directly produced in tlio dry distillation of 
•coal, but only wbon tho volatile decomposition-products arc passed through 
a hotter part of tho app.iratus, and thereby undergo a further decom¬ 
position; one of the proilucts thou formed is naphthalin. (Rcichcnbaoh, 
Schw. 61, 175.) As the cast-iron retorts in which coal is distilled for gas¬ 
lighting, arc ultimately heated to redness, the carbon derived from tho 
volatilized hydrocarbons is deposited in their inner surfaces, in tho form 
of graphitic scales. (Marchaud, J. pr. Chem. 26, 4S2.) 

3. Decomposition hy Coinhustion. 

a. Slow Comhustion .—Many organic compounds tako up oxygen from 
the air at tho ordinary temperature, or a little above it. ami arc thereby 
converted, soniotlmca into organic compounds riclior in oxygen, soinctiinoa 
entirely into inorganic compounds. 

Volatile oils become resinous by exposure to tho air; so likowi.so do 
certain volatile alkaloids, e.y., nicotine and coniino. Fixed oils bcconio 
more tenacious or more solid, as is the ease with linseed oil. Aldohydo, 
C‘I-PO^, is converted into acetic acid, C'rPO'‘; acrolein, C'H'O'-, into 
acrylic acid, CTFO'’; cacodyle, C'MPAs, when partially exposed to the 
air, is converted first into oxide of cacodyle, and then into oacodylio 
acid. 

Many compounds which would remain nnaltorcd if simply oxposod 
to the air, tako up its oxygon if they arc at tho same timo nr contact 
■with large surfaces of platinum, which absorbs oxygon from tho air and 
transfers it to the organic compound (II., 2,5): Saligcnin, C''‘IFO'‘, when 
heated pe)’sfi in the air, is converted, with formation of water, into snli- 
cylous acid, C'^IFO', but in contact with i)lalinum-black, tho convorsion 
takes place at ordinary temperatures.—Platinum-black, moistoned with 
aqueous oxalic or formio acid, causes it to burn away slowly, and 
form carbonic acid and water. It induces tho conversion of hydrated 
■wood-spirit, CWO’, into formic acid, C^H-0'‘; and of hydrated alcohol, 
C‘H“0“, into acetic acid, C‘H‘0'‘. When stronger wood-spirit, or 
alcohol, is droiipod upon it, tho metal becomes heated to redness. To 
this class of actions also belongs tho imperfect combustion of the vapour 
of alcohol, ether, volatile oils, camphors, &c., which takes ])laco when 
those vapours, mixed with air, come in contact with j)latlnum foil or 
■wire heated below redness, tho motal being thereby raised to a rod heat. 

i. Rapid Combustion .—Since organic compounds contain less oxygon 
than is required to convert thoir carbon into carbonic acid, and thoir 
hydrogen into water, they tako up, when heated in tho air, tho oxygon 
required for that purpose. They then, for the most part, exhibit tho 
phenomena of rapid combustion, which is more vivid as tho substances 
themselves are less rich in oxygen, and also as they contain less nitrogou, 
inasmuch as that clement plays a loss active part in tho combustion. 

Sometimes tho combustion begins without tho application of any 
external beat; for some few substances, such as cacodyle and its oxide, 
take.fire at the ordinary temperature of tho air. In other substances, 
when they are exposed to the air in largo masses, and with surfaces of 
considerable extent, tho heat developed by slow combustion somotimos 
goes on accumulating; tho combustion is then accolorated, and tho tem¬ 
perature again raised thereby; and in that manner the action may go on 
till tho organic body bursts into flame. Sometimes this rise of tom- 
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pevatuvo is assisted by fevmentation going on in tUe iiitorior of tlio 
mass. 

Tho following substances bavo been known to take five spontaneously, 
bemp, flax, tow, linen, paper, cotton, wool, asbes, ochre, and otbor 
porous substances, when saturated with any fixed oil, especially with a 
drying oil {q. n.). (lliide, 2’aschenb. 17S2, 151); coflee, peas, or beans, 
tied up in a sack after roasting and grinding; oatmeal, bay, flax, bemp, 
cotton, turf, dung, horse-dung, for example, when heaped up in tho 
damp state, especially in a warm atmosphere. 

The spontaneous inflammation of many kinds of charcoal, arises not 
so much from slow combustion, as from the development of heat produced 
by tho absorption of air and a<incoua vapour {yid. Charcoal ); that of tho 
pyrophoriis from the presence of potassium, &o. (yid. Fyrophovi ); that of 
coal heaped up in mass and moistened, from the slow oxidation of tho white 
iron pyrites contained in it (V. 232); comp. Mohr (Ann. Pharm. 35, 339). 

On spontaneous combustion in gcnoi’al, comp. Thomson [Ann. Phil. 
IG, 390), Froriep’s Nolizen (1820, No. 140); Mensc (Sill, Am. J. 38, 
147, and 199). 

When rapid combustion takes place completely, a compound con¬ 
sisting only of carbon, hydrogen, and oxygon, is entirely converted into 
carbonic acid and water; a compound containing nitrogen yields nitrogen 
gas in addition, and frequently also a small quantity of nitric acid. 

If the organic compound contains fixed inorganic matters, theso aro 
left behind in a more or less altered state in the form of As,h. Any 
compounds of potash, soda, lime, &c., with sulphuric or phosphoric acid, 
and likewise the covrospondiug chlorides that may exist in an organic 
compound, generally remain unaltered after conibustion; if, bowovor, tbo 
supply of air bo cloficient,. sulphates may bo converted into snlpbldos. 
But compounds of bases with nitric acid, or with organic acids, aro con¬ 
verted into carbonates, and roni.ain as such in tho ash. PlancbS (J. Pharm. 
23, 545) however maintains that the nitre existing in cpiassia-wood, 
may remain unaltered in the ash after the wood is burned. 

Rapid combustion is often imperfect. For, while that part of tlio 
organic compound which is in immediate contact with air or oxygon gas 
burns away, the other part not so exposed is decomposed by tho heat 
thereby produced, in the same manner as if it wore subjected to dry 
distillation, or passed through a rod-hot tube. If now the coinbnstiblo 
mixture of gases, vapours, and soot, thus produced with an insufliciont 
supply of air, he not brought soon enough in contact with tho quantity 
of air necessary to b\ivn it completely, it cools down below its burning 
point, and mixes in tlio form of smoko and soot with tbo ascending air. 

When a piece of wood is set on fire, part of it is brought into tho 
condition of dry di.stllliition, and tho evolved gasoous mixturo burns with 
a flame which continues to heat the inner portion and liberate volatilo 
substances, till, as in tho dry distillation of wood, part of tho carbon is 
loft behind in the form of charcoal. That portion of the disengaged vapour 
whicli escapes oonibnstion condenses in tlie chimney in tho form of wood-tar 
•and pyroligneous acid, which dry up to a shining soot (Glanznisc). Tlio 
finely divided charcoal deposited in the form of ordinary soot (FlctUerruHs) 
is not an immediate product of the dry distillation, hut is formed in tho inner 
part of tho flame; because the combustible vapours arc surrounded with a 
white-hot envelope, which forms tho boundary between tbo oomliustiblo ’ 
vapours and tho air, and is conseipicntly tho placo wbero tho actual com- ' 
bnstion goes on; and tho vajiours are there decomposed in tho samo ' 
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matincr as if they wore passed tliroiipfh a rcd-liot tube. [On the combustion 
anti flame of ordinary iliuininating muteriala, comp. II, 31).] 

Organic compounds may undergo rapid eoinlmstion, not only in contact 
with air or oxygen gas, but lilcowiso i)y contact with many substances 
containing oxygen loosely combined. Many organic compounds wlioii 
raised to a certain toui]rcraturo in tbo vapour of perchloric^ or hyponitrio 
acid, or in nitrous-oxido gas, or in contact with strong nitric acid, take 
fire and burn with a brighter flanio than when they are burned in the 
air. l-'hcy exhibit incandescence when heated with iodic or chromic acid, 
or their salts, also with periodates, broiuatos, chlorates,^ perchlorates, 
nitrites, nitrates, luauganatos, and pcrinanganatcsj when intimately mixed 
with these substances, they often explode with llamo, sometimes at ordi¬ 
nary temperatures, sometimes by a blow, sometimes only when boated. 
They also become incandescent when heated \vith certain j)ci’oxidos, such 
as peroxide of lead, which sots fire to many compounds when triturated 
with them merely at ordinary toniporaturcs,—also with other moiallio 
oxides, the oxygen in which is but loosely combined, such as tcroxido of 
gold, oxide of silver, aud tho protoxides of mercury and copper. 

Since in all those combustions, when they aro so conducted a,s to bo 
perfect, tho whole of the carhon of tho orgiinio compound i.s convortod 
into carbonic acid, and tho whole of tho hydrogen into water, the quantity 
of which products can bo determined, and tho amount of carhon and 
hydrogen in the organic compound thereby cstimateil, those combustions 
servo to determine tho por-coulago of the carbon and hydrogen in an 
organic compound; that is to say, for tho UhTUtATK ou Elu.wuntahy 
Anai.ysis op OnoANio Co.mpounds, 

For this purpose, tho organic compound is burned in a tiibo, called tbo 
Coinbustion-tubo, cither in a .stream of oxygon gas, or intimatoly mixed 
with a very largo excess of chlorate of potash, oxide ul cop])or, or 
chromate of lead. The evolved mixture of carbonic acid and vapour of 
water is first passed through a tube filled with chloride of calcium, or 
with asbestos moistened with oil of vitriol, tho increase of weight in 
which gives tho quautitjy of water produced; and tho carbonio acid is 
estimated cither by receiving it in graduated tubes over mercury, or by 
connecting tho chloride of calcium tube with Liebig’s jiotash-npparatus, 
in which tho whole of tho carbonic acid is absorbed by tho potiisli-loy, so 
that its increase of weight gives the quantity of carbonio acid produced. 
Since 9 parts of water contain I pt. of hydrogen, and 22 pts of carbonio 
acid contain 0 pts. of carbou, tho composition of a hydrocarbon may bo 
easily calculated from the quantities of water and carbonic acid obtained; 
if tho compound likewise contains oxygon, tho doficionoy gives tho pro¬ 
portion of that element. There is no known jirocoss by which tho 
quantity of oxygon in an organic compound can ho directly estimated. 

Nitrogen, when it occurs in an organic compound, must bo ostiiuatod 

a separate exporimont, in ono of tho three follovving ways: 1. Tho 
mixture of the compound with excess of oxido of coiipor is ignited in a 
tube, and after tho nir has boon complotoly oxpollod, tho mixture of 
carbonic aoid and nitrogen is rccoivod in a graduated tube. Tho quantity 
of gas is then read off; caustic potash introduced to absorb tho carbonio 
acid; and the volume of residual gas, which is nitrogen, also accurately 
nieasured. The proportion by volume between tho carbonio aoid and tho 
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nitrogen is tlioroby dotorininoctj and from tins, after tlio quantity of 
carbon has boon found by an oxporimont made in the inannor already 
described, the amount of nitrogen is readily calculated. 

2. The mixture of the compound with oxide of copper is introduced 
into tho middle of a tube, containing at its closed end, a carbonate, such 
as carbonate of load, carbonate of copper, or bicarbonate of soda, from 
which tlio carbonic acid may bo expelled by heat. The air of tho tube 
is first driven out by Iioating this carbonate, as well as by exhaustion 
with the air-pump; tho mixture of tho organic substance with oxide of 
copper is then ignited; and tho ovoItoI gas is received over aqueous 
solution of jDotash, which absorbs the carbonic acid and leaves tho nitro¬ 
gen: lastly, tho nitrogen still remaining in tlio combustion-tube is expelled 
by again heating the oarbonato. This process gives tho absolute quantity 
of nitrogen, tho weight being calculated from tho observed volume. lu 
both these processes (1) and (2), a quantity of ilnoly divided metallic 
copper is placed at tho open end of the luho, and jeopt at a rod heat, in 
order to witlidriiw the oxygen from any nitric oxide or liyponitrio acid 
wliicii may bo formed by the nitrogen of tlio compoiiml talcing oxygon 
from tbo oxide of coiqior. 

3. Tho azotizod orgiuiio siih.stanco i.s mixed with a largo excess of 
sndtt-lime (prepared by fusing byilrato of soda with ponmlod linui), ivnd 
tbo mixture gradiiiilly boated to redness in a tube. The wlioUi of tho 
nitrogen is thereby expelled in tlio form of animoiiia, wliieli is absorbed 
by Iiydrocbloi'io acid, and precipitated by bichloride of platinum in the 
form of platinum sal-ammoniac; and, the precipitate having been wasliod 
with a mixture of alcohol and other, tho amount of nitrogen in tho 
compound is calculated from its woiglit. 

IT Nbllncr fVmvTO, fiOj 314) passes tho ammonia dirooLly from 
tho combustion-tuho into a solution of tartaric acid in absolute alcohol, 
and estimates tlio quantity of nitrogen from tho auid tartrate of ammonia 
tliovoby produced (the salt oontainiug 10'2 p. o. NIP or 8'4 p. c. N).— 
E. Solimidt {Arch. Pharm. [2'j, .'50, 317) passes tlio ammonia, logotlior 
with a stream of carbonic acid, into a solution of 1 pt. chloride of barium 
in 8 pts. water; boats tho liquid to the boiling point;/iltors; and oaloulatos 
the quantity of nitrogen iroin tho weight of tho ignited carbonate of 
baryta thus obtained, 

Peligot {Qompt. rend. 24, .'5.'50; Ann. Pharm. 04, 402) rocoivos tho 
ammonia in a known volume or weight of siilpliurio amd of dolormi- 
nato strength (using for each oxjiorimmit 100 cub. cent, of an aeid con¬ 
taining C!I'250 grin, of IIO,SO’m a litre, so that 100 cnh. cent, corre¬ 
spond to 2']2 gnu. of ammonia, or P7>'> grin, of nitrogen'). 'J'lio aeid 
containing the ammoniacal salt is poured into a hoakor glass, coloured 
with a few drops of tincture of litmus, and noiitralizod with a standard 
solution of lime in eau micrdc, the exact jioint of lumtralimtion being 
known by tbo clmiigo of colour from red to blue. Tho volume of tho 
sugar-lime solution required to saturate 10 cub. cent, of the standard aeid 
having boon previously dotormineil, the volume of tho acid oomhinod 
with the ammonia (and tliemoo tho quantity of nitrogen) is found by 
deducting the volume of aeid which oorrosponda to the qiinutity of sugar- 
lime used after tlio absorption of tho anuuoiiia,froin the volume of pure acid 
taken, viz., 10 cub, cont. [For furtlinr mmlificiitinnH of thin pi-micnfl, riel. I’lUlRot, 
Compl. rend. 21, il.'i.')].—A similar modiiicatioii of process 3, had pre¬ 
viously boon projiosod by lliueau {N'. J. Pharm. 11, 402; OnmM. rend. 
24, 680; 25, 254), who, however, rocommciuls a standard solution of 
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liyclroclilorio aokl instoad of suljiluiric, and of socla-loy instead of tlio 
eiii(av-limo solution.—Mitolioll (0/iem. Soc. Qu. J. 1, 10) also suli.stitutos 
for iho suifai'-limc, a solution of caustic .soda of sp. gr. I'OIS, and for tlio 
tinc'turo of litmus a decoction of Cam))cacliy woodj a fow drojia of tliis 
decoction impart to tlio acid liiiuid a yellowish brown colour, which the 
slightest excess of alkali iiuiuodiiitoly converts into blackish blue. IT 

Chlorine, broiniuo, iodine, sulphur, arsenic, &c., wbon they occur in 
orgaiiio compounds, must bo ostiinatcd by special processes. 

Coinploto dc,scri])tion,s of tlio diflbront irroces.soa of iiltiiiiato organic 
analysis, are given especially by; Gay-IiUSHUc and Tbenard, Jlaalu'rches, 
‘J, 21)5; also I'ilb. RT, 4011.—Berzoliii.s, Lchrhucli ih:y Chymio., Amsg. 0, C, 
2K.—[.iebig, J/midw'ortci'hucfi, 1, S57 -—Mitschorlich, Lekvh. d. Ohem. 
AuJl. 4, 1, 1, 12,'j.—Dumas, Trttxti do Okhnie appliqiKie anx Arts, 5, 4; 
also in J. Pharvi. 20, 129.—II. lloso, AiialijL Clwni. Anil. 1H51, Bd. 2, 
8. 812, 905, 990.—llegiiault. Cows 6l(nie)Uaire de Chimic, 4. 

Special Processes and Modifications in Ultimate Analy.si.s, aljdiaboti- 
cally arranged: 

Baiiinoton.—D etermination of Water. Quart. J. of ^c. 19, 182. 
Bkuaiu).—W ith oxido of co]>i)Or. Ann. U/dvi. .Plujs. 5, 290; also Sohio, 
22, 439; also M. Tr. 2, 2, 192. 

Bioii’j'iror.t.UT.—The vapours passed through a red-hot tube, and the 
roHulting gaseous inixturo analysed. Mom. d'Arcucit, 3; also /S'c7«c. 
29, 490. 

BKuni;r.iu.s.—Analysis by chlorate of potash. Ann. Jddl. 4, 320.—By 
o.\ido of copper and cldoralo of jiotash together. Poip/. 19, 308.—By 
oxido of cojiper; luoisturo thoroin;—by oxido or oliromato of load, 
in the case of coiu]iouiidH containing suli)hur, in order to prevent the 
evolution of sulphurous acid. P*<><J!J. 44, 389.—Dotorniinutiou of 
nitrogen by hydrate of potash. J. pr. Ckom. 23, 231, 

Biniiau.—M odification of method 3 for tlio dotorminatiou of nitrogen, 
Coinpl. rend. 24, (18(i and 115.5; 25, 254; .Tahreshev. 1847-8, 055. 
Bitojiuis.—Soda-lime sorvo.s for the dcturmiuatiou of nitrogen in vola¬ 
tile organic eoinpoinuls. Ann. Phurm. 52, 134. 

BuitNNHii.—Combustion in oxygon gas. Po(j(j. 25, 497; 34, 325.—Com¬ 
bustion in air. Pogg. 44, 138. 

BciNsm .—Determination of nitrogon. A?in. Pluam.. 37, 27. ---Dotormi- 
nation of arsenic and inoroury. Ann. Phetrm. 37, 2 and 41, 
CitHViiKur,.—Coinbiistiou by oxido of copper. lUcltavches chimiques sur 
la corps gras, 8. 

Cr.MiB .—Combustion by oxygon gas. J. pr. Ckem. 25, 2.53. 

Coonnit.—With oxido of copjior and sp)irit-lanips. Ann. Phil. 23, 170. 
Cuunuiiic—With oxido of copper, ylnn. Ohim. Phgs. 52, 352. 

Cuusi.—■With oxide of eojjpur. Ann. Phil. 21, 8.5. 

DSwEUiJiNuit—Witli oxido of coppjor. Schw. 17, 309; further, JV. Tr. 
2, 1. 357, 

DiJpriNa 8c Scmr,ossnniiQEn.—Dotorinination of nitrogon. Ann. Pliarm. 
52, 107. 

Dumas. —Determination of nitrogon. Ann. Chim. Phya. 44, 133 and 
172; 47, 198 and 324 (those two memoirs also in N. Tr. 25, 2, 237); 
60, 171. 

Dumas & Peluetieb.—W ith oxide of copper. Dotorminatiou of nitro- 
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gon. Ann. Gliim. Phys. 24, 1G3 and 187] also Schw. 40, 7(f; hIho 
A'asln, Arch. 1, 385] also N. Tr. 0, 1, 120. 

Dumas & PiHTA.—Antiinonitms acid with potosli-comiioumlH. A. Ann. 
Chim. 1‘hys. 5, 3G.') and OGG. _ „ , 

Dumas & Stas.—E xact dotormination of carhon. Ann.Ohtin. 70, i)H; 
M. Ann. Chim. Phys. 1, 38. 

Ehbmann.—C hlovulo ot' ciilcivuu aftov fuRiou for a hIuu'I tuuo aot*H lutt 
absorb carbonic acid. J. pr. Ghent: 13, 424.^—I’niti'ction of tlio 
cfu'lc botwnon the coinbu.sLion-tiibo and tho cliloriihs of calcium tube, 
with lead-foil. J.pr. Ghem. 13, .'>13.—CoiabiiHtion in oxygon gaa, 
111, 322.—Absoi'iition of oxygon gaa by (ho |)olaHh-loy, 22. 2.'iH. 

EiiDJtANN & Makutiant).—D otcrininatiou of nitrogen. ;»•. f'/inii, 
14, 200j 22, 148.—Comlmstiou in oxypii gat*. 23, IT.'i; 27, I2!i. 

Felltcnueiui.— rotash-couiiiouiida burnt with oxido of lunipcr. i'o'/'/. 
44, 447. , . ,. , 

Gay-Lussao. —Analysis with oxido of co|)i>or. Ann. ('him. !IG, 3(ltlj 
also Schw. IG, 84; furtlior, ./. I’ltarm. 8, .'>81; iiEo liij>ert. l.'i, 184. 

Gay-Lussac & Linmo.—Analysi.s of fulminating silver. Ann. ('him. 
Phys. 2.'), 200. 

Gaos.—Analysi.s of coinpouiuLs containing cldorino. Ann. I’harm. 
27. 243. 

0. Hknuy cS: I’r.iasoN,—I’oenliar mothod. J. J'hann. IG, 241) and .OHl | 
17, 4.37 J 18, 28.'>j 11), IG; 20, .74. 

Hermann.—A nalysis of roedt-oil. i'o////. 18, 38(1. 

Hess. —Dotormination of hydrogon. i’of/y. 43, .777; also v(/in, Phnnn. 
2(1,180.—Analysis by oxygen guH. ./. pr. (.'hnn. 17,08 ; also/'o./,/. 
4G, 17,0;—fnrtlior, pr. Ghem. 17, 31)0; I'tu/ij. 47, 2(2. 

Laurent.—M ethod of dotorminiiig hydrogon within of (ho wlode, 
if. Ann. Chim. Phi/s. 10, 3(10; Anti, Phtcrm. 02, 0(1; ./, />r, Ghem. 
44)0; JuJireshcr. 18*17—8, 042. 

Lerch.—A nalysis of baryta-componmls with oxido of oo]iimr. Ana. 
Phicrm. 40, 21G. 

Lieric.—N itrogon-dotorniiriatimi, &o. J'oijij. 17,301; 18,3,77.—Nitrogen- 
clotcrmlnation and potasli-apiiaratiis. Pmjy. 21, 1,—AtmlyxiM of 
chlorino-oomiioumls. Pwj'j. 24, 201,—Dosiccalioii of tho eomjionmiH 
to bo analysed; Nitrogon-doterminathm. I'ni/ij. 27, (I/O.—Dolor* 
mimition of hydrogen. Aw. I'hiirm. 20, 102. 

Lieiuc. & AVoiii.er,—A nalysis of snljilmviinites. /'/n/y. 22, 48(1..^—Drying 
of tho mixturo in (,ho comlinstioii-tnlMi. /'*»/.'/. 2(1, 3,’10,- Iiitrodnedoii 
of jioroxido of lead liolbro tlio chlorido of enleium (iihe, in (he iiniilysirt 
of snlidiur-comiionnds, to ab.sorli tho snlidiurouH ueiil. Ann. J'hnnn. 
2G, 270. 

Lbwia,—Dotonnination of tho snliilinr in orgauio compunmls l>y ignilimi 
with nitre and carhoiiato id' baryta. 

Magnus.—E vaporation of wator from tho potasli-appamtUH. Peyt/. 40, 

Mai.i.et,—G alvanic coating of tlio comhustioii-tubo with a film of eoiiper, 
Phil. Mae/. .T. 22, 430. 

Manxini. —Determination of nitrogon. N, J. Phni'm. 2, 08. 

MARcitANi).—•Wator procoeding from tho cork of Um eomlnctiim lube; 
pocidiar arrangomont of tlio potash-apparatns. J. pr. Ghnu. L'l, 400, 

Meusenh.—D ol:orminiitiim of nitrogon. Gompt. rniel. 20, 14,37. 

Miouaeuis. —Dotonnination of nitrogon, A'c/iki. 2.7, 4(J1. 
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MiTCiintL.—Determination of nitrogen by inctliod 3. Chem. Soo, Qu. J, 
1, Ifl; JaJivAr. iK'I?—8, OfiC. 

MuiiUKR.—Anaiysis of nltrogoimcoinpouncls and of non-pulvorizablo, 
Ilbrous siibatancoH. 40, 213 tiiul 20G.—Analysis of componnds 

contiiining snipiuir and pliospliorus. J. pr. Qlievi. 15, 190.—Coin- 
Ini.stion (tf mould by oxido of copper and cliloriito of potash. J. pr. 
Chan. 21, 20(!. 

Mui.nujt.- OI>.serviitions on Dumas’ method of determining nitrogen. 

J'hcmn. (\'ntyb, 1849, 508j Jahre&bcr. 1849, 577. 

Nor-nNini.' — Determination of nitrogen by method 3. Ann, riiarm. GO, 
!il4i i/iiAreaha'. 1847—8, 95G, 

OrnmatANN,- AnalysiH of oil of turpenliiio. Do'/y. 22, 196. 

I’kuciot.—D otormiiiation of nitrogen by method 3. Gonifit, raid. 24, 550; 
N. J. Phurm. 11, 334; J. pr. Ghan. 41, 122; Ann, Pharm, 04, 402; 
Jahrcslmr. 1847—8, 954. 

I’lsuKoz,—Analysis by moans of mcrouric snlphnto. Ann. Chhn. Phys. 
75, 5. _ 

rPAX'i'.—Analysis of nitrogenous bodies. Schio. Gl, 494; 02, 42, 

I’uouT.—roculiar apparatus for analysis by oxido of co])per. Ann. Phil. 
15, 190; also ^chw. 29, 487.—I'oculiar ajtparatms for couibustion by 
oxygen gas. Phil. Trans. 1827, S.'i.'i; also /Schiv. 53, 218. 
llinsKT.—Deturmiimtion of nitrogen. Gompt. rend. 15, 134; further, 
P. Ann. Vhim. Phys. 8, 232. 

lllcitAiuisoN,— Analysis of coal by oxido of copper; detormination of the 
nitrogen contained in it; analysis by chromate of lead. Ann, Phavm, 
23, 44 and 58. 

llino,—I’ncnruir proeoss. Phil, Mug. J. 12, 01, and 232. 

II. lUisK.—I’otash-iipparatuH connected with a tube eontnining hydrate of 
potash. Tlioo.xygen absorbed by the potash-ley may bo expelled by 
a current of air. Poyi/, 48, GG. 

II. S AiiHSUUH.—CembiisLiou in oxygen gas, Bihl. Brit. Nos. 4 48, 333. 
Schmidt. —Determination of nitrogen by method 3. Arch. Pharm. [2], 
50, 317; ./ahreshrr. 1847—8, (I.5G. 

ScuiiiVri'KR.'—Analysis by oxido of coT)por in a peculiar tube. Zeiischr. 
T, ir. 4,21. 

BnnuncAH.—Analysis by oxygon gas, in ii nmnnor similar to that of 
I’rout. Ann, Gkim. Phys, 30, 182. 

UiiM,—Analysis by oxido of copper in a peculiar apparatus. Phil. Trans. 
1822, 457. 

Vauwknthai’V 5s WiUi.—Detormination of nitrogen by method (0). Ann. 
Pham. 29, 257; 45, 05. 

Wbnr.Kn.—Sesmiioxide of mangaiicso instead of peroxide of load for 
absorbing tlio sulpburoua acid gas evolved from compounds oontainhig 
snl]iluu'. Ann, Phann. 50, 13. 

Zuisn, — Analysis of sulpbur-compoimds. Poyy. 81, 411 ; 35, 400, and 
49.5. 

--AmilysiH of clilorino-compounds. Payy, 40, 245. 

4. ZponUmeons Decomposition, 

This term is applied to decompositions of organic hodios either sirnido 
or complex, taking place at ordinary tomporaturos, and produced moroly 
by the action of air and water. For most of tlicso docompositions, both 
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air and water aro roquirod, and only a small nmulior of or;,oinif eomiumiidM 
aro snHCoptildo of tlicm. i • r 

Spoiitauoons docoiuiioHitiou cmwiatH oitlior in a hIow of 

llio organic niattor by tbo aurroundiiig air, or in a now arningonicnit of 
tho clomonts of tho compound in dillbront proiiortioiiH, and tlio con- 
soqiiont formation of now prodnota. Tlio formur jirocoHM, tliat of alow 
combvistion, may bo called Jivemuenusk or Da'itij (I (‘iwminf/) ; tin’ latt<w, 
Fermeutuiion or ]‘ulrefaction in the toided sense {(Hilinuni oder Ftinlnm 
im ■wcitcdcu Sinne), When tbo latter nrocoHH of inward do('o\npoHition_ ia 
acconqianiod by an oIIbiiHivo odour, wiiioh is particnbirly tho ciimo witli 
nitrogen and snlpluir oompoundn, it in donotod l)y llio spocial form f'at/r- 
faction {Feiiilnm) ■, in tho contrary ease, ospociially if it ylolds imoful 
products, it is called Fermentation (Gahrun;/). Both proooswos, \'is(., that 
of slow combustion and that of inward docoinpoHition, generally take plaeo 
simultanoously. An abundant supply of air is favonrablo to llm former, 
a scanty supply to tbo latter; benco decay takes iihie.e. most on the surface, 
fermoutation in tho interior of tho mass, klany snlislances aro moro 
inolinod to docay, otliors rather to formontarnm, 

Fremacaiisis or Jteeny. A slow coinlmation taking place in pre.-.eiice 
of air and water, and accompanied by a formentation-proi'ess. 'I'lie venter 
doubtless acts in this process in tho same manner ns in tho riisliii'g of iron, 
viz., by absorbing the oxygen of the air aiul Irausrcrring it, in the liquid 
form, to tho oonstituents of tho organic compound. 

Sinqilo oxidation of orgimio Hulsstances in the air, sneli as the eon* 
vorsion of aldeliydo into aeotio acid, or tho rosinizing of volatile oils by 
cxpoHiiro to tho air (p. 84), must not bo regarded as instniiees of 
oromacau.sia. 

In orcmacausis or docay, tho carbon and hydrogen of tho compound 
aro convortod by combustion into carbonic aciil and water, and tho 
nitrogon either oscaiios in tho form of gas, or is converted into nitmiiH and 
nitric acid. As in Ihia process, tho componml conlinnally loses more ami 
moro carbon and hydrogon, it might bo supposeil that tho residue wouhl 
booonio continually riclior in oxygon. This, howovor, is not always tho 
caso. For, while tho carbon of tho oomjiound is oombining with tim 
oxygon of tho air and forming carbonic acid, it is posMible that a largo 
portion of tho oxygon containoil in tho omiqmnnd may go oil’ with the 
hydrogon in tho form of watm-, so that tho residue may beeoino riidier in 
carbon than tho original compound. Kuch, ucc.erding In Sanssure, in tho 
process which takes pliico in tho decay id’ wood ami its conversion into 
humus or mould, a sulmtaneo which is richer in carbon, but is afterwards, 
by a further process of decay, eomph’tely convortod into carbonic iwdd 
and wator. 

A dociiying substfinco may bring other bmlioH into the stato of slow 
combustion. Decaying organic substancos surrmiudod with a mi,xturo of 
hydrogon gas and air or oxygen, causo it to eondonHO in tho form of water. 
(SauHsuro, comp, II., HT.) Decaying HubBlauces in omitact with wator 
and alcohol causo tho latter substance to uxidizo and form acetic aeid. 
(Liobig.) 

Fremacausis is accompaniod \iy Evolution of Jlrat \ which in most 
casos, in conseqiionco of tho slownoss with which it lakes place, ami llm 
cooling produced by Hurroimding objocts, amounts to only a few degrees, 
but whon_ largo masaos are concornud, may, under favourable eircnin* 
stances, rise to such a huight as to imluco rapid combustion (p, He); 
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e. (]., the moldng of diinr). Iii some fow cases, oi'oinaoatisis is attended 
witli Sevelopmenl of TAyhl, na in decaying wood, i5to. (11., 28.) 

With I'ogiiTd to the hcdiavionr of iiiti-ogon in oi'ciiiacausis, a great 
nninliev of imrliculiu'a liavo to ho obaorvod. 

], Tlio niti'(igt!n of lui organic conijioutid esonpes in tlic form of gas, 
o.ajiecially if llio air lias free iicceHs, or tlio compound is exposed to the 
ana, and no Halillahle liases are present. 

2. It ia converted into nitric acid, OHoociiilly with free access of air, in 
tlie slinde, and in jiresimee of asalifiahU! ImHC, which favours the formation 
of tlio nitric acid hy predisposing allinity. (II., OHH: III., OH.) Thisliaso 
may he putasli, soda, lime, or inagne.sia, in comhination with carlionie 
acid or a vegutahlo acid; for the carbonio acid escajios as fast as the nitric 
acid comes in coiitiiet with tlio potash, and the organic acid is destroyed 
hy the slow euinhastion. The annnonia produced hy fermentation in the 
interior of the masH may also, when it reaches the snrfa.co, indnen the 
oxiilation of the nitrogen which is there being set free, and form nitrate 
of ammonia hy combining with it, as was formerly oh.Murved hy Timor and 
Kinliof in the putrefaction of eow-dnng. If fixed snJiiiahlo hmscs aro pro- 
sent, tlio nitrogen of tho ammonia itsolf may also ho oxidized and con- 
vovtod into nllrifl acid. (KUlilnnmii; II., dSK.) According to Vaudln’s 
<i,xporim(mlH (tiW. inf.), tho formation of nitric acid appears to l>o proemlcd 
hy that of nitrous acid. 

0, Tho nitrogen of tho compound unilcH with its hydrogen and forms 
ammonia, which gcnonilly (iscapiw ns carhoniUe. Tliis u.mmoiii(i is not 
MO mucli a product of cromacaitsis os of fermentation. 

fl-. Non-azotized organic cmnpuimdH ajipoar, under cortain oirouin- 
stuncoH, to ahsorh nitrogen from tho air during oromacansis, oitlior in tho 
form oraiiniKmia or of nitrous aoid. 

hixtracL of llipm'iiamve, when kept for a long timci, forms carhonato 
of amiiioiiia in (ho interior of its mass, hut hccomos covered on tho 
feurracc with iioudlcs of nitrate of ammonia. (I’liisholl', N. 7'r, 11, 2, l.'il.) 

Tho leaves (d' mangel-wnrztd grown on a ])Oor, sandy soil do not 
contain any porce.ptihlo ((iiantity of nitre (tlioso which grow on a. rich soil 
contain a considcrahlc (iiiuiitity), hut chiefly malatc and oxidate of jmtnsh. 
Hut whon BiiH[iomlc(l on threads for soma months, they heemne thoroughly 
TKinotvatod with nitro and covered willi fiiin crystals, nitric acid liaviiig in 
i'actboon formod hy decorniiosition of tho nzotizccl matter in tlio loaves; 
tho oxalate and nialato are found to havo disappearod entirely. (Dnicoiniot, 
Ann. Chim. l‘ky». 35, 261; also /'oy.'/- 10) 500.) 

Extract of quassia, after a year’s exposuro to tho air, contains more 
nitro tliaii it would con tain if kept for tho siuuo time in close vo.s.sols. 
(Plimcho, .r. Phann. 23, .I-IH.) 

lOxtract of lionujo off. whim not suilioicntly ovaporalod, gives off 
nitric oxide gas on hoing stirred. (Guihourt, J. J.hanii. 12, KM.) 

Tlio a(|ueeuB infusion of orango-lcavos ovaporalod in tiie air on flat 
dishes, yields, according to Vaiidin, an extract which, if exposed for a ibw 
lioura to damp air, and then collected in a pet, swells up eonsidorahly, 
from evolution of nitnniH ncid, nml conlinuos lor some months to give olf 
this gas, whenovor it is stirred. A similar doconijmsitinn is ohsorvod in 
tho aqueous infusions or decoctions of the following vogotahlo matters, 
whon they are evaporated in flat dislios, then exposed to moist air, and 
tlion furtlior evaporated: Olyeyrrhiza glabra (dried roots), Pkaseulm 
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husks, after drying), Trifolium pratense (tlio dried horli), Guftjitcuni nfl. 
(bark), Quassia cmara (wood), Ali/uvn of. (roots), Tilia I’ltroiui'n (leavos, 
after a niontli’a drying), J}rassicfioli‘raceit{tl<n\d leaven), Chriidoniitiii nitijiis 
(herb, after a iiiontb’a drying), &tnicalii. curojxm (herb, kojit for O' long 
time), Samhucus nigra (old flowoi'H), (Jbichotin (^kalisKi/n-d/iinaf I huai 
minor (loaves and Ilowora, dried for ii inontli), Lhdura kitruutoimnn ivwiX 
Solaniim nigrum (the herb of both, dried for a month),_ Cynoglossuni o//,, 
Borago off., Lycopsis arvensis (the herb of all three, dried for a month), 
Glecoma hederaceum (herb and flowers, kojit for a long tinio), I rrhnsuiuu 
i7tapsMs(leaves withered on t\\ciBlo\\\),IIdittnlhus (withered loaves), 

Salix alha (old hark), Populusnigra (<dd bark), Popuhwlreaiida (withered 
leaves, decayed wood, saw-dust), OT?/«ts (fallun loaves), (Jarrc.its 

rohiiv (very old tan) Oorylus avdlana (loaves, dried for a month), Pinits 
Ahies (old bark), Oannahis sativa (old leaves), Asjiaragiis ojj, (horb with 
berries), Scilla mariliwia (tho powdorod root ox[iosoil to the air for throe 
months), Juncus conglomeratus (witherod horb), driai/t! (rrrulti (I'oots, 
haulm, empty oars, grain, straw from ihiiteh, bolh tho lowor ]iart and 
that which has been exposed to tho air), Tri/icinii ti'slii'iaii, ,1 rena sail ra (the 
green plant of both, dried for a month), .l/nn/iii.iii. iuili/iirf. (haoiiii and 
oars), TAdicn ialaudicus (drloil ffiramonth), Polypirlin.tii Pt/i.r mas (roots 
oxfianstod with water and alcohol, and tlion exposed to the air). Poly- 
podium Fiiix fomina (tho grooii loaves dried for a month), Tlio.so 
vegetable matters must, liowovov, bo ox)iosod to tho air for some wooks, 
before they will yield any traces of nitric o.xido. This giis is evolved, 
sometimes on merely stirring the oxtriw.t, sometimeH when it is in smaller 
quantity, on the addition of tartaric acid, whic.li, if the extract nioroly 
contains nitre, does not liberate nitric oxide. Tho jiiieo of I'rosh plants 
never gives off nitrous vapours when troU'tod with tartaric acid. Tho 
formation of nitrous acid in vogctablo matters takes pluco miioh movo 
quickly in damp than in dry air. Tho air yields huth nitrogen and 
oxygon for the formation of the nitrous acid (Vandin). [SansHiire {Hiltl. 
Univ. 56, J30) rightly observes that tho nitrogen might also bo derived 
from an assotizod compomul in the plant.] 

It appears to bo tho woody fibre of plants which more osjioolally 
attracts tho nitrogen of tho air; and tho nitrogen thus ahsorhed takes up 
oxygen and remains combined with tho woody lihro in tho form of nitrous 
acid, till that acid is transformed into nitric acid, which then uniles w'ith 
tho potash and lime contained in the .salts of tho vegotahlo aciil.s present. 
When liquorice-wood is oxhau.stod 22 times, first with cold luid then with 
hot water, tho la,st extract still gives off’ lulrim.s fumes when trcaled with 
tartaric acid. Tho juice oxju’ossod from tho fresh horh of Lyr.ojmsarih'itsia 
contains neither nitrous acid nor nitre; hut tho oxhau.stod rosiiliii', after four 
weeks’ exposure to tlio air, yields with hot water an extract wliicdi gives 
off nitrous acid when treated with tartaric acid, ami (luflagratCH on rod- 
liot coals. When Iceland moss {Lidini islaiidiuus) is several timo.s 
exhausted, first with cold and then with hot wator, and o-xriosed to tho 
air for some time after each inimorsion, all tho oxtraots yield nitroms acid 
and nitre. (Vandin, chim. mcd. 1, 674; 9, 621.) 

Connected with the above, but not suflioiontly oxplainoil, ais^ tho 
following obsorvations, in which, however, tho evolution of nitric o.vido 
gas must bo regarded as a consequonoo of fermontation ; \Voail loaves 
gave ofl’ nitric oxide after two or throo day.s’formoiitation. (Chovallior.) 
The horb of wormwood, pressed into a still containing wiU{>r, and 
distilled ou the following day, gave off nitric oxide at tlio eemmoiieumoat 
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of UlO ilistilla.tlon. (Tilloy.) TIio saiiio gaa was ovolvcd in tlio fci'inon- 
tation of inangol-wnr/.ol juice, to which no suliihuno acid had been 
added. (Dorosiio.) Wlion syrup from tlio proparatiou of beet-sugar, 
which containod no free acid, but on the contrary, oarbonato of ammonia, 
wa.s diluted with water ami mixed witli boor-yoast, it scarcely began to 
forniont and give off carbonic acid, when nitric oxido gas was also ovolvod 
and chcclvod tlio fonneutation. But on diluting it wntii twice the quantity 
of water, adding a aufliciont quantity of sulphuric acid to produce a 
slight acid reaction,—wliorou])on a largo quantity of carbonic acid wa.s 
given olV,—boating tlio liipiid for a qnartor of an hour to tho boiling 
point, whioli prodncotl no ovolution of nitric oxido,'—then cooling it and 
adding yeast, it passed coinplotoly into the state of vinous fcrinontation, 
without giving oil’nitric oxiilo. (Tilloy, J. I’lucnii,. 12, 12.1.) 

When the air has but partial accoss, part of tho hydrogen of tlio 
orgaiiio ooin^ionnd appears to conihino with tho nitrogon of tlio air and 
form ammonia, wliicli can then supply tho roqnisito quantity of nitrogon 
to tlio fungi which grow upon theso putrefying snhstances. 

If an aqueous solution of milk-sugar or common sugar ho loft for 
tliroo numtlia in a stoppered hoUlo, togcUior with a sevenfold volnmo of 
air, and tlio nimild, which is produced in particular ahandaiico from tho 
milk sugar, ho snlijcoted to dry distillation, a largo quantity of ammonia 
is olitaiiiod; Imnco there lias been produced in tho fimgns, tngolhor with 
colhiloHo (woody fdiro) a iiitrogonons .sulistanco, which is doubtless protoin; 
for when tho fungus jirodiicod from milk sugar is digosted in aootio aoid, 
a liquid is ohlaiiiod which gives a prec'mitato with forrocyanide of ])otas- 
sium.—Starch from arrow-root, when kept under water in a holtlo also 
containing air, soon becomes very turbid, and in ton weeks forms a white 
deposit, togothor with a largo quantity of mould in the inass, and finally 
also a little on tho surface. A fungus of this kind iditaiucd from potato- 
starch yielded strong tniecs of anmumia when subjected to dry (listilla- 
tiou.—A niixtui'o of Iniinio acid and sugar, moistound with a small 
quantity of water, and kojit for six months in a closed ves.sel containing 
air, gives oil' a largo (imintity of ammonia whon treated with potash.— 
Woll-ignitod clmrcoal, introduced while still hot into a bottle containing 
air, and shut up tlicroiii for six months in tho siiinmor in contaot with 
water and common sugar, milk-sugar, giim-arahio, or potato-Htarcili, gives 
off ammonia whon treated with notnsli, tlio quantity being particularly 
largo whon milk-sugar is used. [Theso oxporimonts aro not conolnsivo, 
bocauBo tho charcoal may contain cyanido of potassium. O?!!.] In a 
similar maniiov, woody fibre, which pulroflos with scanty access of air in 
tho lowor strata of a vcgotablo soil, appears to form airnuonia, part of tho 
hydrogen of tho wood ooinhiuing with the oxygon of tho air and anotlior 
portion witli tlio nitrogen. This ammonia, acoording to Knhlmami’s 
supposition (II. 387)i may bo afterwards transformed into nitric, acid. In 
tins manner wo might explain tho formation of nitre in tlio eaves of 
Zoilaii desorihod by J. Davy, wiioro no animal sulistaucos can ho dis¬ 
covered [tlioro are, liowovor, nitrogonous vogotablo matters qiresont]; 
also tho formation of nitro in India, Spain, Egypt, in tho grottos on tha 
banks of tlioSoino, and in many collars. (Mnidor, J. pv. Cheni. 32, 820 
and 3'14.) 

Damp wood, putrefying in confinod air, converts tlio oxygon of tho 
air into an equal volnmo of carbonic acid gas, producing, at tlio same 
time, much more wator than carbonic acid. (Sausanro.) At tho samo 
time, liowovor, a small quantity of nitrogon is absorbed from the air, and 


soniG 01 It IS couvoi’toU into ammonia, •\vuiJO tiio roinamm'r oiuora aa 
nitrogen into tlio iiitrolino whioli is i'ovinoil togotl>cr with otlior fniigoiil. 
snbslaucos. (Hermann, J. pj', Chem, 27, 103.) l''or furtliiir lUtuiln, vid. 
n^ootly Fibre, 

Many organic conipouiula do not undoi-go alow oomhuation at ordinary 
temperatures or in the dark, but exhibit that pliouomonon when modo- 
ratoly licatod or exposed to light, o.s 2 iocially to direct siinsliino. 

Air ia necessary aa well as boat; siibstancos which, between 100^’ 
and 120", suffer no alteration out of contact of air, decomiiOHO in tho air 
oven when but slightly hoatod. (Chovreiil, Anali/se, oriptnir/He, Oil.) 

Compounds which ronmin unaltered wlion oxixwed to tho air at inediinn 
tomireratnros in the dark, boconio changed wlien likewise ex|ioHeil to light. 

These change.s duo to tho action of light aro ospccinlly conH 2 )iciuui,s in 
many organic colouring matters, which aro bleachod tlierehy. 

In tho following oxi'criments of Chevreul, colouvc'.d fahricH woro 
exposed to sunshine for two years in diffonmt media. 

1. In vacuo: Indigo, .salllowor, and orchil reimiin iiernmiient on wool, 
silk, and cotton; roucou on silk anil cotton; Hid(ihimligolic acid oii silk ; 
but roucou on wool, auljjliindigotio acid on wo(d ami coltoii, aiitl 
turmeric, as well as Prussian blue, lose their colour on all thri'e of LIioho 
fabrics. [Either oxygon ia not roejuirod for this <liHeolouration, or tho 
vacuum was imporl'oot.^ 

2. In perfectly dry air: Indigo romaiiiH imrmanont on wool and eottoii, 
loss so on silk; sulphiudigotio acid stands tolorahl}' well on silk, less on 
wool and cotton; orchil on wool and silk is noarly destroyed, leaving only 
a reddish tingo, and on cotton complotoly; roucou on wool retains its rod 
colour tolerably well; on silk it changes to palo reddish yellow, and on 
cotton it is complotoly docolorir.od. Turmorio and safllower aro coin- 
plotoly destroyed on all throo fabrics. Prussian bhio bloaohos slightly on 
cotton, moro upon wool and silk. 

3. In a vessel oxhanstod of air and filled with aqueous vapour: 
Safflower on cotton merely acquires a faint violet lingo; on wool and silk 
it remains unaltored. Orchil remains porniaiiont on wool and silk, hut 
not upon cotton; turmorio and roucou fado upon cotton ; I’niSBian blno 
on cotton bleaches moro quickly than in vacuo. 

4. In air saturated with watory vapour: Indigo on woidi—orchil, 
saffron and Pru.ssian bluo on all tliroo faliricM,—tiirmorie end rinieou on 
silk and wool, stand as well as in perfectly dry air; but indigo on cotton, 
snlphindigotlc acid on all three fabrics, and tnrnu'vic and rnneon on 
cotton, aro much moro qniokly docolorizod tlian in dry air. 

5. In tho open air : TIio offoots aro similar to tlio.so in (4). 

6. In dry liydrogon gas : Similar offocts to those in viicno. 

7. In hydrogen gas saturated with aqiioous vajionr : Tlio samo as in 
aqueous vapour alono. (Chovroul, Ann. O/iim. I'Jii/a, Oti, 71.) 

Fresh flowers exposed to snnshino under colonrloss g1n.s.s, oxliihit tho 
following charges: ifosa quickly turn as palo as those of Rmt 

ceniifolia, but retain thoir porfuino.—Ftoila odovatu; rapid docidoratinii 
and browning.— Afalm tylvesiris: qniokly turn liglit brown ; iil'lerwards 
dark brown.— Verhasciivi llicijisus: noon lose tlioir colour and aroiiiii, tliuii 
swell lip, agglomorato togotbor, and afterwards crmnblo to a hrowu 
powder, having an aimnoniacal odour. —Calendidu offwlniiiiti: palnyollow 
colouring. —'Tussilago Farfara; brown colouring somowhat rapidly pro- 
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duood, afterwards fonnontation .—GnaphalUm dioicum: tlio colour romaina 
uiulinnuiahod .—(Jonvdllaria vuijalis: tlio whito colour aoou cliaugoa to 
light hro\yn, witlioiit furthor alteration, (Langloia, Jhill. Pliarm. !), 8S.) 

Tho aqueous or alcoholic tincture of carnations losus its colour under 
hluo glass in Hiiiisliiiioj so likewise does paper or cotton coloured witli it; 
but in tho diirlc, oven nt .'50", tho paper or cotton so colourod romaina 
unaltorod. Alcoholic tincture of aallrou is likewise deculorineil when 
exposed to light, whereas that of red saudal-wood and of China, slaiuls 
tolcrahly well.—Tho yellow oils of poppormiut and savino liccoiue colour- 
loHM oil o.'cpoHuro to Bunshino; blue oil of cainouiilo and cidourloss oil of 
tnrpeutlno turn yollow,—^Wben water distilled over aromatio plants 
[Holution of 11 volatile oil in water] is exposed to tho sun for somo inouUis 
in closed glu.HH vosauls, the Hidiitioim obtained with rosos ami savino remain 
; clear; hut those produced from peppermint, thyme, and fonuid bccomo 

milky, hut without reddoniiig lituiiis more than hoforo. (A. Vogel, 
./. J‘/uu-m, I, lOil.) 

To this head likowiso belongs tho decoloration of linsccd-oil in 
Hunshino. 

Colourod fabrics which gradually fado on oxpoHiiro to snnliglit, salTor 
the saino ohange in an hour or two wlum sohjeeted in tho dark to a heat 
hotwoon 100'' and 200', the air having aocoss to tliom at tlio same tiino. 
Tile following cxperiinoiits were mado with silk stiill's cohninul roso- 
colour hy salllowor, and vvith woidlen Stull’s coloureil violot by Cam- 
poachy wood, rod by logwood, and yollow bv wehl and tannono, tlio 
eoloui'H being in all eases fixed by an aluni-inordant. The eidoiired stud's 
wore ]ilacoil in a sipkon-slinpod tube and immorseil in a hath of iiicroiiiy 
■; heated to a certain toinperatuvo, tho legs id’ tlio tube pvojeeting ahovo 

I tho mercury, in erdov that fresh air might lie introduced from time to lime. 

! Tho Btn/1' coloiirod witli salllowor lomaiued unnlterod aftor an hour’s 

heating to 120'’, hut hocamo dirty whito in an lioiir at 100'.—Tho Htuff 
< dyed with C'limpcachy was but slightly altered in an hour at l.'iO", hut 

, V hecamo rod-hrowa in an hour at 180'.'—•'fho stulf dyod with logwood 

■ romaiiiod umiUerod for 2 hours at IdO'’, hut hecamo mach iialor wlion 

hoatod for Urn saiiu) timo to 11)0'’.—Tho stull'colourod with wold was 
,’v not altered ill 2,i hours at 100", hut bociimo moro reddish yollow when 

boated for tlio saiiio timo to 200’. Tho stull’ colourod with tiirinorio 
; imdorwont but litllo ebango -whon boated for tj hour to l.'iO", but in tlio 

\l\ saino interval at 200’, its oraii^o-yollow colour chaiigeil to rusty brown. 

v\ T~Whon air satniuted with moisture was passed through tho bout tube, 

il i tho ohaiigOB of eolour took place much more quiokly. Those cliaiigos of 

}i,| colour iirodiiood by boat aro exactly the sanio as tlioso produced in Imigor 

time by ligiit, and in both oosos tho stuff becomes rotten, lloiice tlioy 
anjioar to dojiotul upon slow combustion. (Gay-Lusaao & TlkMuird, 
rvi llecherehes, 2, 100.) 

i i Yollow rosin of gnaiacum reduced to powder or dilfusod tlirough 

I'j paper (by Huturatiiig tlio paper with an alcoholic sedation of tlio losin and 

iij then drying it) ricipiirca a groon colour, whon exposed to liglit and at tlio 

samo timo to air, hut not in a vessel filled witli carhonio acid gas; 
V’ lienco light induces a slow oxidation. (Wollustoii, GUO, 92, 21)1; cornp, 

j'i also I., m.) 

I :• i 

Femmiaiion (Including putrefaction) depends, like dry distillation, 
:!M an alteration of arrangoraont of tho clonionts already oontainod in the 
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organic coinpoutKl; but tlio olomonla of 'watur avo likowiwo ciiiii'i'i'iu'il iii 
the action; in fact, without thoir prosonco no formontalion ciin liilcu pliict'. 
—For the comiiionconiout of fermentation, froo iuwchm oI air in olloti 
necessary, but when once set U 2 >, it can go on without ('.oiilai’t of air. 
(Gny-Lussae.) 

In the jn'oeoss of fermentation, organio eomiauinila of a liighor onlor 
are resolved, soiuctimca into lower organio connaiuiuls, Boinotinu'N inlo 
inorganic compounds, as carbonic iioid, water, aininonia, or Niilpliin'i'tti'il 
hydrogen, sometimoa into siinplo siibatanccH, aa hydrogen and uilrogoii 
gases. In many formentatioms, none of the ahove-inentioiied ga*<eM am 
evolved; in fact, they go on without niiy evolution of giia, 'I'lio ailinitien 
which tend towarda the formation of organio eomno\ii\tlH of a lower m'd(<r, 
or of iuorgiuuo products, aro douhtless stronger Lha.u tlioae hy whi<’h this 
original suhstanco is hold togother; and thia cii'ciimNtaiuiis is donlit|esH 
connected with the evolution of heat which aceompanies feriiieiUalion, 
and may bo nartly tlio oanso of the spontaneous eoiiihiislioii of organia 
bodies. 

Fermenting snbstane.es gonorally have a tendeney to ahslraet oxygen 
from the air and other iKidie.M. lienee, when fei'menliilimi lakes place 
with free iiccush of air, it is aocoinpanii'd hy eroinaeaiisis on llte siirlaeo 
of the organic .suhslaimo. Putrefying snhslaiiceH rednee snlphido of imu 
from forroms salpliuto (V., 228). This coiivorsloii of hint' inlo whilo 
indigo by the action of graiio-sugar in the indhio-val is a lu'oeers of tint 
same nature. 

Tiio HubstancoH most (lisposed to ronuenlaliou are iiinuerouH com* 
ponmla rich in nitrogen, viz., tlio albiiininoiiN or proleiii Hiilislaiiees, Mieli 
as allnimen, lihrin, casein, omulHin, legiiniin, giiailin, gliileii, Ae., and 
gclatincns suh.slancus, siudi as inonibram's ooiisisting of gelaliti and 
other tis.sucs, glue, eluindi'in, osinazomo, On ilio oilier liainl. tliero am 
other coinponnils I'ioh in nitrogen, sueb aa nvic aeid, tlio alkaloids, indigo, 
ifec., wliicli, of thom.solvcH, at Umat, are not cuiiahlo of jiutrefving, and 
oven some aubstancos belonging to the (diiss of in'oteiii eoinpoands, but of 
a colioront nature, sucli as liair, liorn, and hiird-hoilod allmnieii, am 
susooptibio only of a slow decay. The formt'r eompoiiiid«, on tlio con¬ 
trary, require only the prosonoo of water and Iho aceess of air at llio 
commoncomont, to bring tliom inlo n, atalo of feniienlalioii, wliieli, nn 
account of the effonsive odonv which iiceompnnieK it, is eiqieeiuliv deiiuted 
by tho term putrefaction. Siiico iinimals am mainly eonipieieil of (hese 

siihstaiicos, they am esjiocinlly liahio to this jmlriil ..iiipnsition ; hut 

many seeds of jilants, niiwses, itc., which iiro likewise rich in pmlein- 
comjmniuls, aro also liahio to pass into tho .nIuIo of slinking pntii'faelioii. 
Tlio had smell wliieli iiecoinpanieH slinking piitreraetion, pmceeds partly 
from inorgimio cempeumlH, such as Muliihuretleil hydrogen and anniuniiii, 
partly from nowly forinod volalilo orgauio eoinpomida, tho niilum of 
wliieli is not exactly known. [Umpn'linK tlai iu rnlclons ni lluii of the pnlmliitliiti« 
of iiutrofyiiiK aubHlmuii's, cump. II., -IM, -11.1.] 

Of other organio coinjiounds, them tim hut few which am limiiglit 
into a stato of form on I ati on hy contact with air iiiid water, wo long as 
gelatin and pvotoin-comiamnds aro oxcludod. Urea diswtlved in a very 
largo quantity of water is very slowly resolved into amnimiia and ear- 
hoiiio auiil; dilato a(|nooiis solutions of many vegetalde iieiils, ami iiioro 
especially of their amnioniacal salts, also of sugar, gniii and niaieli, am 
decomposed, with foriiialiim of inonhl. 

But many Huhsliinccs iiieiipiihlo of fermenting i>n' nc. undergo tlml 

von. vn. ji 
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chango wlioii in contact with gelatinous or ■|)i’otcin compounds; and 
those whicli avo capahlo of forinouting alono, fonnont nioro quickly, oi' 
with formation of difl'eront jiroduots, when tlioy avo brought in contact 
with those compounds. Jlany compounds, howover, tlio.so, namely, 
which consist udiolly of carbon and hydrogen, aro incapahlo ol tormenting 
even under thc.so circuinafaticcs. As gclatinoii.s and protein compounds 
Gxcito ferinonlation in other substancoa, they arc called .Fermciils, and 
tho compounds which aro brought into the i'ermonting stsito by contact 
with them avo called Ftmtietihibln Siihst/iiices; strictly spoakiiig, how- 
ovor, tlio ino.sfc fcrmontalilo of all substnneos aro tho formont.s themsolvcs. 

Protein- and golatiii-compounda sometimes excite formoutatioii in 
other substances, even when they arc in tho fresh state, as tlioy exist in 
plants and animals;—sometime.s, on tho contrary, they must ho exposed 
to tljo air, so as to bring them into a state of iiuiijiieiit furmontation, 
boforo they will act as formont.s upon other bodies; and, in tills ease, it 
' is often found that they will bring anuthor substanco into dill’eront states 
of formontation, acoovAing to tho particular stage of docompositiou which 
they have thoinsolvoa attained. 

Tho aqueous solution of saliciu or amygdidin ■would iirohnhly remain 
nnaltorod for along thno, if loft toitsoli'; hut tho omufsion of almonds 
(S/Fia 2 )lnse) uddod in its uiialtovod state, just as it oxists in rocontly 
proparod awoct almond milk, docom])oHOs Bitlioin into griipe-sug.'ir and 
saligoniu, and amygdaliu into grape-sugar, bittor-iilmoml oil ami liydro- 
oyaiiic acid.—In black mustard, the adilition of water indiums tlm forma¬ 
tion of volatilo oil of mustard, in conseiiiiouco of tlui action of tho 
oinulsin-liko substanco contained in it on tlio myronio acid which it also 
contains. 

Pixod oils aiipear to ]iass into a state of raiuild putrofnc.tion, only 
when a protoin-compoiiml is mixud witli tliom. 

Starch boiled to a piisto with water, ami then loft to itsidf in a closo 
vosaol for some week.s, is in great jiiirt convovteil into gnipo-siigiir, witli 
evolution of carbonic acid and hydrogen; Imt in coiitiuit with gliiLcii lit 
CO^', the starch of tho paste is eoiivcrlcd into gnipo-siigar in eiglit lioiiva; 
lastly, if tim gluten lias jiroviously passed into ihiit jieciiHar cmidition in 
which it oxist.s as gcriiiiiiiitcd gliiton or iUrcuiitst’ in malt, it oil'uets tliis 
oonvorsiou of tho sugar at (10 ’ in less (.ban iiii hour. 

A cliluto aqnoous solulion of grnpo sugar or common sugar, wliicli 
ronmins unaltorod when alone, or only forms a little mould and mucus 
after a long time, may bo brought, according to llm iialiiro of lliu fonnont 
and Its stage of docoinpoaitlon, and uceordiiig to tlio lemporaturo and 
dilution of tlio solution, into throe didbruiit states of fermoiitatioii; 
whoroliy it is convortod: ilrst, into lactic, and tlion into hiityrio acid 
(Lactic and Butyric /I cid Fenueiilntinn'), —or inl.o a nnicoiis siihstiineo allied 
to gum, ami goiieriilly «t tho saino tiino into maniiite ( Vincons or Gummy 
nnef Mannite Fenncntittimi), —or it is rosolvcul in(o carhonic acid and 
nlciiliol (Vinoug Fermentation). [A solution of milk-sugar nudorgoos 
similar omingos under somo of (ho following cirouniNlaiKms.] 

With boor-yoast or wine-yoast, which mny ho regarded as forniont 
In its most porfoct stiUo, a solution of sugar inissoa at onco into tlio 
state of vinous fornioiitalioii, So long, however, as tho glutinous iuntl,or 
oontiuuos in tho unaltorod slate in which it exists in smution, topollior 
with grapo-sugar, in tho iiiico of graiioa and other fruits, it is not 
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When tliia cliaiigolias oiicQ taken plnoo, tlio vinous forinontiition goo.s on, 
even when furtlier access of air is coinplotoly jirovontud. Iloncu tlio 
fruit remains unaltered, so long as its outer skin is iinlnjiiroilj Imt a very 
slight perforation is suflicient to induce the vinous formoutation, wUicli 
soon cxtoiula from tlio injured jiart over tho entire fruit, and nltiiuately 
passes into putrefaction, 

lliastaso, or gluten of barley altered by gorminatlon, brings a solntioii 
of sugar, and also gelatinous starch, not into vinouH, but into liustio acid 
fermentation, whereby tho sugar is coiivortecl, without any ovolntiou 
of gas, into lactic acid and a small quantity of luiutio acid; towards the 
end of tho formentation, part of tlio dissolved dlastaso is procipitatod in 
a fiirtlior stato of altoration, as wiiio-foniioiit, which then brings tho rest 
of the sugar into tbo state of vinous fonnentation. 

Fresh animal incmbraiios, sueli as bladder and the lining moniliiunu 
of the stomach, immeraod in water in iin open ve.Hsel, pass tlirongli 
cortaiii succossivo stages of decoinpo.sition, and accordingly, in tho ilrst 
phase of tlioir dccoiiiposition, bring a .solution of sugar into tho stato of 
lactic acid formontation. In tho second, into uuicoiih icrmcntatioii, and in 
tho third, into vinous feriiiontaLioii. 

Moist casoiu exposed to tlio air for a short tlnio, and the enrdlod 
emulsion produced by the iicidinciition of almond-iiiilk, bring ii, soliitioii 
of sugar into the stale of lantio acid formontation ; but tlio lacLic acid 
thereby prodnood comliiiies wiili tlio foniioat, and stojis ils action, luih'ss 
it bo neutralized with an allcalino carbonato. (lloutmi Ik Fi'cniy.)—Jly 
tbo furtlier action of the ferment, tlio lactio acid roriimd in tlio oarlior 
stage of the operation is converted into butyric iiciil, with ovoluliou of 
carbonic acid and hydrogen gases, (Poloiizo !k (ii'dis.)—lictwocn l!'l" iiiid 
30’, cusoiu acquires tho properties of wino-formonl, (l/iobig.) 

Mucous foriucutatlou appears to bo nuist readily induced when tho 
solution is very dilute, and the wino-foriiumt is oitlior not fully ilovof 
loped, or has boon brought b_y tbo notion of various substaueos, a tnicu of 
Bulphuric acid, for cxannilo, into a less ollioiimt stato, Tlius, uccoriling 
to Dosfoasos, tho filtorod decoction of boor-yoiLst hriiigs a solution of 
sugar at 30“ into tho state of mucous fornuintation, 

The juice of mnngol-wurzol, turnips, or onions, which oontuivia ooni- 
mon sugar and a nitrogouons snbstauoo, jiassos at m'dinary tcinporaturcs 
into vinous formontation, yielding carbonic acid, alcohol, ami yeast; but 
botwoon 30" and <15", it gives off but a small ipnintily of giis, and accnvil- 
ingly forma but little alcolud, tlio sugar coiilaiiied in it being fur I ho 
most part euiivorled into grapo-siigiir, and iiftunvards into lactic acid, 
mannito, and mueilaginous mattor. (Liobig.) 

Tho fcrmoiitiitlou of qirotoin-and golatin-coinponiids is jircn'ontud by 
a variety of clrmnnalancos, wliicli likewise intorrupt its furtlior jirogrotw 
if it lias already begun, TIio same oii'cninHlanoes likowiso provoufc or 
intorru])t the formontation of any formontablo matoriiila that may bo 
mixed with the fonnont. 

Among these circumstances are tbo following! 

1. lixchmion of the air ,—Keeping tbo aiibstancoe in vnenn, in water 
free from air, in Iiydrogou, iiitrogon, carbonio aoid, ami otlier giiscH, 
wliieli cannot fnrnisli oxygen to tbo niti’ogonoiis suliHtanccs; onvoriiig 
them with oil, butter, tallow, wax, or rosin,—^Vood imnicrscd in llio 
doptlia of lakes and pcat-mossos, wlicro no oxygon ahsorbed from the air 

H 2 ' 



This exclusion of air may prevent incipient fermentation, but does not 
usually interrupt the progress of tliat which has already begun. Accord¬ 
ing to Schwann (vid. in/.), exclusion of air acts, not by intercepting 
oxygon, but by preventing tho admission of the germs of microscopic 
plants and animals difl'uscd through tho air {-vid. inf.). 

2. Dryness. —Perfect dryness prevents ovory kind of formoiitation, 
and seldom allows oven of slow combustion ; e. g., tho prosorvation of 
wood for tliroo thousand years in Egyptian tombs, whoro it has boon 
exposed only to the notion of tolerably diy air. 

3. Freezing temix'ralure .—Water in the solid state i.s quite inactivo, 
and doos not allow formoiitation to go on; but ovoii at a few dogroos 
above 0“, certain kinds of fornicntiitioii do not take jilaco, and otliora 
aro very slowly produced, All kinds of formontiitiou appear to take 
place most readily botwoon 20“ and 40“.—Mammoths liavo romainod 
undocoinposod for thousands of years in tho ico of Siberia. 

4. Boiling Heat prevents incipient formontation, and complotoly 
stops that which has already begun, oithor bocauso all foriiiouts aro 
altorod by it, in a similar mannor to albumon, wliicli, wlion boilod hard, 
is soarooly suscoptlblo of putrefaction; or bocauso it kills tho microscopio 
plants and animals and tlioir gorms; or from both ciiuhos togothor. 
Formontation provoiitod or iiitomipted by a boiling boat, doos not ro- 
oommonco after cooling, if tlio air bo porfoctly oxcludod, bocauso either 
oxygon or living germs aro required to produco now foriiiont. 

Oil this prhicijilo is founded AiiporPs process, by which easily dcoom- 
poaihlo articles of food and driiilc, snob as moat, fish, vogotahlcs, luilk, 
&o., may bo prosorvod for yoars,--viz., by iiackiug thorn in alr-tiglit 
bottles or sohforod tin-casoa, Iioating tho vessels for sovcral hours in 
boiling wator, and keeping thorn carefully clo.sud. To explain this aotiem, 
wo may oithor suppoao, with Lioiiig, that tho small (piantily of oxygon 
oontainod in tho onolosod air is takoii up by tlio organio mattor, witlioiit 
being able to produce ferment at that tompovature, or, with Schwann, tliat 
tlio microscojiio organisms aro killed by tho boat. 

If tho air bo admitted, tho boilod substance pusses again, aftor a 
wbilo, into tho formonting state.—If, liowovor, grapo-jnicn, milk, moat, 
<Sco., bo oxjiosod onco a-diiy to a boiling lioat, without being protootod 
from tho air, and tho small quantity of reproduced formoiit tliorohy roii- 
dorod inactive, boforo it has time to act upon tho rest of tho moss, 
fermentation may bo provontod for any length of time. 

5. Antiputrescent or Antiseptic Suhslances. —lly tlio addition of various 
substances, organio and inorganic, formontahlo bodies aro doprivod of 
their tondonoy to fermentation, and formonlntlou already commonood is 
intorruptod. 

Tlicso antiputresoont bodies probably act in various ways: 

a. They abstract wator from tho formontahlo Buhslaiico. 

6. They form with it a compound loss liable to formoiitiitloii. 

c. They docomposo tlio formoiit in such a mannor as to doprivo it of 
its tondonoy to formontation. 

d. They take from tho surrounding air, and also from tho formoiit 
already oxidised by it, tho oxygon required for formontation. 

«, They probably kill tho fungi and infusoria and thoir gorrns. 

Tho action montionod in a is probably oxortod by powdered sugar in 
contact -witli moat and frosb cut-up vegotablos; tho solution of sugar 
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thereby formed is too strong to forinont .—a and b together : Alcohol and 
nmod-spirit; common salt, nitre, &c.—6: The stronger mineral acids, 
such as sulphuric acid, alum, ferric sulphate, oorrosivo suhliinato, and 
other heavy metallic salts; tannin, creosote .—a Chlorine, hyponitrio 
acid, and chromate of potash.— d: Probably, sulphurous acid.— e. Arso- 
nious acid, as also corrosive sublimate, and several other of the substaucos 
above mentioned. Arsonious acid and corrosive sublimate kill fungi and 
infusoria; Mux vomica, only the latter. 


Phenomena exhibited by certain vegetable and animal Substances dtiring 

fermentation. 

Wood. —Wood-shavings moistened with water and enclosed in a space 
containing air, convert the oxygon of the air into an equal v(dume of 
carbonic acid gas, but at the same time jn-odiico from their own oxygon a 
largo quantity of water, so that the brown mould-like Huhstaiuaj, into 
which the wood is converted by this proces.M—which consists of decay and 
putrefaction together—coiuains a larger por-contago of carbon than the 
wood. (Saussure.) When tho air is excluded, moist wood-shavings like¬ 
wise give off a small quantity of carbonic acid gas, and are converted 
into a jialo, rotten substance, containing a smaller jier-contiigo of carbon 
than the wood. (Saussure.)—Wood in this altered state posHosHCs tho 
property of shining by slow combustion after exposure for some time to 
tho air. (I., If)l.)—-Wood which putrolics under water, emits carhouio 
acid and marsh-gas, together with a smaU (juautity of nitrogen. (W, 
Plonry.) [For furtlior dctiiils, vid. I'resciralioH qf V'oadi iilsu Wouily J'Vire,] 

Seeds and Soft Parts of Plants. —Four i)oas, weighing 1 grainmo, 
macerated in 4 grm. of water over mercury, till tjioy begin to give ofl‘ 
gas—during which time they take up 1 gnu, of water—tlioii iutrodiicocl 
into 200 cub. cent, of different gases together with various quantities of 
water over mercury, and loft there in tho slmdo, exhibit tho followitig 
results; 1. In oxygon gas, under 0 grin, water, for 8 days at 18 '! they 
absorbed 72-2 cub. cent, oxygon gas; evolved 01’0 carbonio acid and I'O 
hydrogen.—2. Other softened peas in oxygon gas without wator, absorbed 
45-0 cub. cent, oxygen; ovolvod 09'0 curbonio acid, but no hydrogen.— 
3. Other peas umfor 1 grm. of wator at 23“ for 3 days, absorbed I-2 cub. 
cent, oxygon, evolved 2-3 nitrogen, .'»•!) hydrogen, and J4'7 carbonio 
acid.—4. Other macerated jmas keiit in air, without wator, for 48 luHirs, 
absorbed 10’7 cub, cent, oxygon and 1'4 nitrogon, and ovolvod 13'2 
carbonio aold.— b. Tho peas of 3, afterwards introduced into fresh air 
[for 48 hours?], absorbed onb. cent, oxygon gas ami 1'4 nitrogon, and 
ovolvod IG’7 carbonio aoid.—0. Otiior macura-tod peas also loft in air for 
4 days, absorbed 17'4 cub. cent, oxygen giisaud I'O nitrogon; ovoivod 17'4 
carbonic acid.—7. Four peas undergoing slow putrefaction in 200 cub. 
cent, of nitrogon gas, absorb in 8 days, 3 cub. cent, nitrogon, and evolve 
2\') carbonic acid; but in a state of rapid putrefaction, they absorb no 
nitrogon in 8 days, but give off from 30 to 35 oub. cent, carbenio acid.—i 
8. In a mixture of 100 cub. cent, nitrogon gas and 100 cidi. cent, 
hydrogen, 4 peas macomtod as above, absoid) 2'7 oub, oent, nitrogen gas 
aud_2'G hydrogen, and evolve ■J2-5 oarhonio acid.—0. During slew ])utro- 
fuction in hydrogen gas, pons absorb littlo or imuo of that giis, but oVolvo 
a small quantity of carbonic acid.—10. In a mixture of equal nioasuroS 
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of hydrogen and carbonic acid gaaos, they do not absorb any of Iho 
fornior. (Sanssiire.) 

Young leafy stems of i/etZfca^fo satiw (corresponding to 0‘8 gnu. of 
the dried plant), brought under water to a state of commencing putrofac- 
tion, and then suspended for 48 hours in 2G8 cub. cent, of air at 19°, 
absorbed 23‘7 cub. cent, o.'cygou gas, scarcely 1'8 nitrogen, and evolved 
20-7 carbonic acid gas. Another sample of lucorn brought under water 
to a state of fcrinontation, then l)eaton to a pulp, wrapped up in gauze, 
and suspended for 8 days in 200 cub. cent, nitrogen gas, absorbiMl at 17°, 
4'8 cub. cent, nitrogen gas and an equal quantity of carbonic acid, without 
any hydrogen. (Saussurc.) 

In other cases, on the contrary, nitrogen gas is evolved during putre¬ 
faction, especially in the latter stage. Four peas niacoratod us above till 
gas begins to go olF, evolve no-nitrogen, when innnersod in pure carbonic 
acid gas, which stops the putrefaction; but in a mixture of carbonic acid 
and nitrogen, they evolve 7'7 cub. cent, nitrogen, 0'8 liydrogon, and 18‘0 
carbonlo acid.—Four peas macerated for only one day, and iinmorsod in 
a mixture of 100 cub. cent, carbonic acid and 100 nitrogen at 19"’, evolve 
in 8 days, 1’75 nitrogen gas, 1'3 hydrogen, and 24’1 carbonio acid; but 4 
peas, previously nmccrated for 6 tlays, ovolvo 4’0 cub. cent, nitrogen, 2'7 
hydrogen, and 4‘0 carbonic acid. Peas inacoratod for G days, and in a 
state of active putrefaction, may give off nitrogen, together with carbonio 
acid and a certain quantity of hydrogen, even when placed in an atmo¬ 
sphere of pure nitrogen (and though the carbonic acid, as it nsoa-jics, may 
bo removed by potash), but loss than they would evolve in nitrogon 
gas mixed with an equal quantity of carbonio acid; c. y., in pro- 
son co of potash, 1'8 cub. cout. nitrogon and 3'2 liydrogon in 8 days, 
(Saussuro.) 

When peas, lentils, French beans, colza, wheat or barley, are kept for 
two months in tlio suininor, under a fourfold weight of water froo from 
air, ill a tube over inorcury, and standing in tho shade, no nitrogen gas is 
evolved, but carbonio acid mixed with liydrogon, or, as in the case of ryo 
and barley, meredy carbonic acid gas (but these also yield hydrogen giis, 
if there bo any air above tho wator). Tho hydrogen is evolved inoro 
abundantly as tho tomjioratnro is higher, and tho putrefaction is fnrtlior 
advanced. Three grammes of peas ovolvo in two montliH 342 cub. cent, 
of a mixture of gasos containing 98 parts of liydrogon, Tlirco gramincs 
of lentils yield 64 cub. cent, of a gaseous mixturo, 7 of which aro 
hydrogen; if they ferment between 12° and l.G°, they yield iioLliiiig but 
carbonio acid. Three grammes of wheat yield only 08 cub. cent, of 
mixed gasos; barley still less. The liydrogon gas given off by jioas con¬ 
tains a small quantity of marsh-gas or oarhonic oxide, and lioncc, whon 
exploded, yields «2'64 p. o, carbonic acid gas. fSanssnro.) 

It appears then that peas in a state of slow pntrofaetion absorb 
nitrogen gas, if they aro placed in an atniosplicro of nitrogen, coininon air, 
or nitrogon inixod witli liydrogon; an excess of oxygon intorforcs with 
idle absorption of the nitrogen. In a state of rapid j^mtrofaction, tlioy 
give off nitrogon in a mixture of nitrogen and carbonic acid; a sniallor 
quantify iu pure nitrogen gas; and none in liydrogon or carbonio acid, 
these last-mentioned gases putting too groat a oheclc on tlio pntrofaetion, 
(Th. Saussure, JBib7 xmiv. 5G, 130; also J, pr. Chem. 3, 100); comp, also 
Th. Saussuro (Ann. Ohmt. Phys. 11, 398). 

Wheat loft to itself in a flask contaliing air and provided with a gas- 
delivery -tube, gives off carbonio acid and hydrogen gas, first in tho ratio 



by voluino of 0:2, llioii of 2:1, ami lastly of 0:1; tho liy.ln)«uii 
cvolyccl is froo from carbon, Tho rosiilual watery lujuul cuiUaiua 
butyric acid. If in this QX])crimciit tho air bo coinidutoly oxoludod 
by removing it na far aa poasiblo from tho boatia after Ihoir inimeiHinn in 
water, by ropoatod pumping, tho formeiitation which takea plaeo is very 
imperfect, and yields but very little gaa, containing 0 vol. carbonic, nciil 
to 2 vol. hydrogen. White beans treated like tho wheat in tho lirst 
cxporiinont Hast give off jmro carbonic acid gas and then a mi.'ctiiro of 
2 vol. carbonic acid to 1 vol, hydrogen, tho latter being froo from oarboii. 
At tho Olid of 9 wooko, tho cvidntloii of gaa is finishoii, and tho rosiiliud 
liquid contains largo quantities of ammonia and luityvio acid,—I’oiis gi VO oil 
carbonic acid at first, thou a mixture of that gas with hydi'ogim ainl traeos 
of sulphurottod hydrogen, at tho same timo produoing buLyrm arid.-— 
Grains of maiso givo oil' in fi wooks but very fittlo carlionie ticul, hiit no 
hydrogen, and yield hut a trace of butyric acid, tlio Jormatiiiii of which is 
intimatoly connocted with Llio ovolntiou of hydrogon. (hn’dniiiiui it JMar- 
chand, J.^pr, Oh&n, 29, ‘lO.'i.) 

2lilh .—Two glass bottles, o;i(di containing 8 onneos of wiilor, wore 
thvoo parts filled with fresh milk, then well closed with groiunl stoppors, 
and heated for two iunirs in boiling water. 'J'lio air of one of llioso Imltlcs, 
examined oudiometrically after boiling, atill oontaiued 'l(b7 p, c. of 
oxygon gas. Tlio accoiul bottlo was Iciqit nmliu' water for Ifiihiys in 
Juno, at a tomiicraturo bclwoou 20" and 2.'»', nnd then opened, that tho 
milk might bo examined; no osoapo of gas took pliicii when it was 
oponed. The milk wa.s not curdled, did not redden liliiiiiH, itiid had tho 
tasto of sweet fresh milk. On suhsoquonl oxpoauro to tlio air for u fow 
clays, it ciirdlod and acquired tho power of roihloning litiiiiis, 

Tho siuiio Qxperiuioiit was ropoiitod with four oilier hottlos, tho first 
being filled with itiillc to -J of its bulk, tho second to If, the third to 
tuul tho fourth only to |. After two hours’ heating in hoiling wivtor, 
tho air of tho first bottlo still oxhibitod a iirojiortion of oxygen timumitiiig 
to 10'4 jior cent. Tlio other bottles wore ko]>t nndor water fur six wooks 
in July and August. Tho milk remained iliiid: hut on ojieiiing thoso 
throe bottles a mixture of gasos issued with groat violenoo; tliis gas was 
collootod from tho third and fourth bottles, and found to conlain a largo 
cpiantity of carbonic acid, but noitlior oxygen nor hydregmi. 'The milk 
of tho fourth bottlo atill reiiiainod liiMiiil, but reddened litniiiH, and had 
not a jiiitrid hilt a spii'itnoiiH oddiir. In fact, whiMi distilled in the appa¬ 
ratus dcserihe.d in /’of/f/. 42, .'i.'iO, it yielded a fow drops of an inllaiiiiiiatilo 
distillate which smelt like alcohol. Tlio milk curdled during ilislillalioii, 
and was afterwards fiminl to bo still strongly acid; a proof that earbunio 
acid was not tho only acid jiroduocd. (Th. v. Diiseli & (Ini.) 

Honoo wo may ooncUido Lliat wlion milk is boiled for two hours with 
a small quantity of air, only tho snmllor portion nf tho oxygon is aliworliod, 
and yot tho oxygon which remains causos no forniontiition; but if llio 
q^uantity of milk bo smaller in proportion to that of the air, carbonic acid, 
lactic acid, and alcohol aro prodncod, ovon if all further accoBS of air ho 
provoiitcd. Tho former fact does not iigroo with tho tlioory of l,iohtg, 
nor tho latter with tliat of Schwann. 

Blood and the move solid purls of AHmuls.—VtvnUy drawn hluod 
placed, together with air, over mercury nt ordinary l.eiiipeni.UireM, doos 
not act upon tho air in tho first 12 hours; Hubaoqiiuiitly tho quantity of 
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gas climinlslies, l)Ocaiiso tlio carbonic acid gas forinod from tbo oxygen is 
absorbed; but wlicn tbo blood becomes saturated witli carbonic acid, 
ammoniacal putrefaction talcos place, and tbo r'olumo of gas increases in 
consequence of the evolution of carbonic acid. Fibrin of blood similarly 
treated, converts all the oxygon of the air in 24 hours into carbonic acid, 
a small portion of whicb is absorbed by the decom])oscd mass; afterwards, 
tbo volume of gas continually inci’cases, in consequence of tbo evolution 
of carbonic acid. (J. Davy.) 

Of the more solid parts of animals, tbeso wbicb putrefy most qniolcly 
in the fresh state are tbo brain, muscles, spleen, liver, and other glands; 
they give off carbonic acid, oven in tbo first few bonra, and incronso the 
volume of gas in 24 hours; then follow, tbo skin, periosteum, dura mater, 
intestines, veins, artoric.s, and stomach, wbicb jjvodnee carbonic acid in 
24 hours, and increa.so the volnmo of gas in an interval varying from 48 
to 72 hours. Putrefaction takc.s place still more slowly in tendons, 
intervertebral substance, cartilage, and bones. (J. Davy.) 

When putrefaction has once commenced, it goc.s on oven after the 
oxygen has been completely absorbed, carbonic acid and ammonia being 
disengaged, and sometimes also a .small (jnantity of snhihnrettcd bydrogen 
or (especially in the case of muscles), of marsb-gas. (,I. Davy.) 

During this putrefaction beat is evolved, and in the ca.so of the more 
quickly putrefying animal matters, sucb ns blood, fibrin, the beart and 
other muscles, the liver, dura mater, tendons, &o., tbo temperature rises 
from 1° to In slowly putrefying substance.s, tbo evolution of heat is 
not perceptible, in cotisoquonco of tbo 8lownc.ss of the notion, but it 
nudo\ibtodlj' takes place. Animal substances are converteil by ])ntro- 
faction—with formation of carbonic acid ami ammonia—into asomilliiid 
mass, wliioli serves as food for tho larvue of flio.s, and is grailmilly resolved 
into ammonia and cxtractivo matter. Pntrofaotion takes ijlaco more 
quickly under dimhiisbcd pressure in a tube standing over mercury than 
niulor tho ordinary atmospliorio pressure, bceiiuso tlm products of . putre¬ 
faction, viz., carbonic acid ami carbotiato of ammonia, exert an aiili- 
putroseent actien. Tims a ])icco of muscle iinmorsed in a soliition of 
3 grains of carbonate of ammonia in an ounce of water, docs not jiiilrofy 
for 4 wcoks; and a picco of jejunum remains nneliangod for H niontlia in 
a solution of 5 grains of carbonate of ammonia in an ounce of water. 
(J. Davy, Mdinh. Med. and i^urg. J, No, 105, 243.) 

Casein, or gluten, immersed in water, gives olf a stinking mixture of 
carbonic acid and bydrogen gas; impnrta to tbo water, first free acid, 
togotbor with sulphuretted bydrogen, afterwards carbonate t)f ammonia; 
and is converted into oxide of casein. ^Proust.) 

A solution of gelatin passes at once into tbo state of ammoniacal putre¬ 
faction, without previously going through tbo acid stage. 

In dilute aqueous solutions of substances wbicb are inclined to putrefy, 
imnnnorablo infusoria are quickly formed. 

Tbo pbosplioresoonco of putrefying fish (I., 180), and tbo light of the 
ignis fatuns, pcrliaiis arise from pbospliurottod bydrogen gas evolved in 
putrefaction. 

Muscular flesh keeps tolerably well at a few degrees above 0°, but at 
16° it passes into slow, and at 25'' into rapid putrefaction. It then 
becomes soltor, yields a watery liquid, gives oil' an almost intolerable 
ammoniacal odour, wbicb gradunlly diwinisbos, and at length ceases 
altogotbor; and is converted first into n thin pap, and afterwards into a 
■nearly inodorous, brown, fusible mass (mould), wbicb weighs but very 
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little. (Foui’croy, Sj/sL des Connaiss. Ckim. 2, 00 J comp. rricKtli'Vi A'j'/). 
and Ohscrv. on difercnt kinds of air, 1, 70, nud 120; 3, OlO. I’l'iii;,'!)', 
2>hil. Trans. 40, 480; Croll, Orel?, cliem. J. 1, 108.) Tlio p:i-ei«niHli 
colour of meat, at tho comiiimu'emont of jmtrcfaotiou, in perlmiia duu to 
tlio proscnco of suljdudo of irou. (Om.) 

When a picco of muscular llosli ia loft to itself [on wliat support ?], a 
second ])ioco laid upon a zinc plate, and a third on a plate of cnpptir, tlio 
first ])ioco hcpjins to puti’ofy on tlio following day, hut tho other two not 
till after a longer time, and with foriuatiou of dilVerent [iroducts; for Uio 
l)ioco laid upon tho r.iuo gives oil' nminouia and eavlmretled hyilrogou ['!], 
while that upon the copper yields a largo (pnintity of aeiil, which forina 
acotato of copper. Corro.spoiuling diirorenooa are exliihited hy the 
difi'orent parts of a picco of ilo.sh placed in tho circuit of tho galvanio 
battery. (Mattouoci, Ann. Olum. Tkj/s. 42, 310; also A'c/tic. .'i8, 3lil); also 
Br. Arch. 30, 329). 

Prosh beef, oucloBod in oxygon gas, exhihita for tho firat few days a 
finer rod colour than boforo, Imt aftorwards heconu's paler and moist, 
exudes transparent drojis, whiidi aftorwards turn inillc}', and beeiimoH 
putrid in 11 days; if loft for .01 days, it doliquoscos and omits an insiip- 
portablo odour. A groat part of tho oxygon gas is found to ho eonvorlod 
into carbonic acid.—In J/ydroi/en ijas, meat aei|uires a light brown colour; 
becomes somewhat drier and moro solid, and after 11 days is not at all 
putrid, but has a scarcely poreojitiblo sour smell; if afterwards ii.'cposed 
to tho air, it dries up to a hard nuiss without imtrefying. In another 
oxporimont, the moat, oven after .'»4 days, exhibited tlio appearanco of 
fresh moat, but stank horribly, though its odour was dilVoront from lhat 
of meat putrefied in oxygon gas; the hydrogou was afterwards found to 
bo mixed with oarbonie acid,—In Carbonic acid tjas, moat ap^uTirH brown 
or rod at first, but aftorwards bocomos paler. Aftor 11 days, it resomblos 
boiled moat in colour, and is very soft, but not sticky; its odour is very 
faintly acid, and on exposure to the air it does not imtrofy, but dries up. 
Aftor 51 days’ immersion in oarbonie acid gas, it exhibits tho colour and 
consisteuoo of boiled moat, and is not at all putrid.—In Buipkurous acid 
ms, moat immediately loses its colour; aftor 70 days, it bocomes uuicli 
harder and drier than frosh moat, smells of sulphuroUH acid, and on 
exposure to tlio air dries up in four days without putrefying .—In i/aseom 
Fluoride of Silichm, meat exhibits nearly the same characters.—Iii A'itrio 
oxide gas, it immediately acipiires a brighter red cidonr, tiiid if taken out 
aftor il days, exhibits a lino red colour, is nearly inodoroiiH, ui’niiires a 
dark colour on oxjiosuro to tho itir, end ilries uji i|iiiclcly. A piece of 
meat loft in this gas for 134_ days, appears bright red and soVid, and 
smells somewhat of nitric acid.—In Avinionim'id ipis, meat aeiiniros a 
brighter rod colour, which it retains if kept in the gas for 7(1 days. 
When taken out, it ia soft, inodorous, and does not putrefy on exposure 
to tho air, but dries up to a brown, shining mass. (luldobraiult, iV. Oe/U, 
7,283; 8, 180; ScJiw. 1, 358). 

Similar oxporimonta wore formovly made by Pricstloy {Kxp. and 
Observ. on dig. kinds of air, 1, 123); by Ilruguatolli {(Jrdl, Ohnn.. A nn. 
1787, 2, 483); and moro especially by Booknmmi (A'c/ier, J. II, 240). 

If a bottle, ooiitnining water with moat, bo well boiled, ami, wliilo 
tbo open air is oxeliided, only air bo passed tliroiigli it, whieli Imim been 
previously transmitted tlirough a rod-hot glas.s liilie, no iiiitrefuclioii or 
formation of infusoria takes place ovou in sevoral weeks; but tm opening 
.tbo bottle, tlioso phenomena soon show thoiiiHolvos. llonco it is proliahio 
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that tbo air contains germs of infusoria, -whicli avo destroyed by ignition; 
but the genus contained in the unigiiited air pass into the organic matter, 
developing themselves and increasing at its expense, and the organic sub¬ 
stance is thereby brought into the state of putrefactive decomposition. 
Arsenious acid and corrosive eubliniato, which exert a poisonous action 
both on infusoria and on fungi, prevent putrefaction ; but extract of nnx 
voviicci^ whicli is a strong poison for infusoria, but not for fungi, stops 
those putrefactive changes which .aoconipaiiy the formation of infusoria, 
such as the evolution of sulphuretted hydrogen, but allows mouldy putre¬ 
faction to go on. Perfectly similar phenomena are exhibited in vinous 
fermentation ( 5 , v.). (Schwann, Por/r). 41, I 81.) 

This experiment w.as repeated with the same result, both with moat 
and broth, by Ure. (J. pr. Ohem. 19, 186.) 

Helmholtz (./. pr. Cheni. 31, 429) proceeded with simitar experi¬ 
ments, as follows. The lliisk containing the organic matter i.s closed 
with a well-sealed cork, through which jinss two glass tubes a and b, 
bent at right angles. The outer end of tho conducting tubo a is drawn 
out to a point, and that of the tube h, which soryes as a sucking tubo, 
is bent downwards. The liquid in the flask is boiled till vapour i.ssuos 
from the outer ends of both tubes j the tubo « is then closed with sealing- 
wax, and part of the tube 6 is kept at a red heat by a spirit-flamo, in 
order to heat the air, which flow's into tho tube as it cools, tho boat boing 
gradually extended to tho outer end, whereupon this ond is also closed 
with sealing-wax. Tho air which has cntcroil tho flask soon gives up 
tho greater part of its oxygon to tho organic substanco. To allow a 
change of air to take place, each of tho tubes is then hoatod to redness 
at one point, tho ends are opened, and air drawn out from timo to timo 
at the end of h, which causes fresh air to outer tho flask through tho tubo 
a. In this manner parts of animals, or pieces of moat, may bo kept 
unaltered for 8 weeks in hot summer weather, in contact with water, 
solution of gelatin, or grapc-juice, without alteration of appearanoo, tasto, 
smell, or behaviour with ro-agents. But as soon as any ])ortiou of unig- 
nitod air is admitted, or if the vessel bo not porfectly clo.sod, jiutrofao- 
tion or fermentation takes place in 2 or 4 days; with a solution of gelatin, 
tho change ni.ay bo rocognised, before tho liquid begins to smoll, by tho 
decoloration of tincture of litmus mixed with it. Urine, on tho con¬ 
trary, enclosed in a sealed glass tubo, and boated in water to 100 °, ex¬ 
hibits the same slow decomposition into carbonato of aimnoiiia as in the 
air, but without any appearance of putrefactive fermentation. Hydro¬ 
cyanic acid likewise decomposes when heated to 100 '' in a sealed tube, 
as quickly as when tbo air has free access to it. IT Ubpjiing & Struve 
(J. pr. Ghem. 41, 255; Jahesber. 1847-8. 472), in repeating tlioso ox- 
poriments, obtained different results, and canio to tho conclusion that all 
nitrogenous organic bodies suffer decomposition, oven under tho inflnetioo 
of air which has boon exposed to a red heat, and that tho phonoineiia, 
in the preceding experiments, are merely retarded and altorod by tbo 
influence of the boiling beat. IT 

• If a wide tost-tubo be completely filled with a formentablo material, 
tbeu 'bouud round with bl.adder, heated in boiling water, and immersofl 
with the bladder downwards, in a putrefying or fermenting liquid of tho 
same kind, tbo following eft’oets are produced: Grape-juice in the tube, 
surrounded with fermenting micst (new wiuo in a state of fermentation), 
remains unaltered, excepting that it acquires by endosmoso a vinous 
taste and smell; a similar result was formerly obtained by Mitsohorlioli 
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{vicl Vinous fervunitatimi). with wiitor in tlio tulio iiutrofioHaliiiiiNt 
as quickly as in tlio open air. lint inatnail of doliipioKcinj' iw it umially 
<locs, and fiirming a turbid, sniuillnid iiuis.s, it rctaius its MtriK-luri', lio- 
onio.s nioro solid than hoilud while of egg, and, whon_ oxiuninoil by (ho 
inicroscopo, exhibits iiuitlicr infusoria nor jdaulH, Sidiition of gidaliu also 
putrefies under these circunistauces as quickly tw in tho air, but williout 
turbidity. 16 appears then that meat and ^udatin may bo brought into a 
state of jmtrofaction by dissolved ^lutrcfyiug HiibsliineeH wliicli nan pana 
through tho bladdoiq tho preHOuno of iufu.soria ia uuneeesHary, but at tlio 
same time, no infusoria are produced during the putrofaetioii; in thc caao 
of must, on tho contrary, the prosonco of fonneutation-fuiigi i« eamm- 
tial. Tims far Holmliolti!.—lifiwig Bngge.s(.a that tlio outer putrefying 
liquid may have merely penetrated by uudoaiuoHO into tlm bladder, and 
undergone further docomposition, williout bringing tho matter originally 
enclosed in tho tulio into the putrefying Hlalo, iniiHinuch ub tho moat 
prcscryod its structure uiialtcroil. 

Urine. —Urea reimiius uunltered when difisidvod in jmre waler: hut 
in tho urine, in whiidi it o.':iHtH in the Htale of aqiieouH solutiou together 
with muons iiud other HuhsLiinciw, it cliaiigoH with viiriouH degnam of 
rapiidity into carhomito of amiuenia: 

C-U'N=0'- + 2HO -= 2(N'll'',(:()-). 

Tho docomposition is accolorated hy tho pre.MouR(t of cortain siilistniioeH, 
and, according to .raquomart {N. Ann. Chim. l‘hi/s. 7, l-U); also •/. pr. 
Chem. 20, 188), in tho following mauiior: fronltliy iirinn, in a peiTeolly 
cloan yoBSol, dooompoaos yory slowly, oven at ;)2''tl, and during Htonimi 
it is not till tho ninth or toiUli day tluit a Huillciout quaulity of rarlamato of 
auunonia is formed in it to ofi'ervosco witli aciilH; on tlio limi'toeulli day it 
gives off, on tho addition of dilute suliduiviciioid, 0 tiuu'R itH volumo of gas, 
4 of whicli consist of carbemio acid, a quantity wliicli can only liavo been 
produced by tho docomposition of all tho urea cmilaimid in tlm nrinn. 
(It is licro undorstoocl, that tho mixturo of nrino and snljiiiurio acid 
retains its own volumo of carbonic acid In Bolution, and UiIh quantity ia 
added to tho carhouic acid antually ovolvod.) Urino mixed witli 1 por 
cent, of hoor-ycast, gives with acids (b7 volumes of gas on I,ho fifth day, 
and 12 0 vol. on tlio sovoiiLh. With 4 por coni, of hocr-yeiist It gives 
10-4 vol. on tlio fifth day, and 12'(> vol. on tlm Hoveiitli, filixeil witli 
2-5 por cont. of gliio, it gives 0-7 vid. on tlm Hecoml day, and 10 nd. 
on tiio third. Mixed witli a Himill quantity of carliomi.le of amiiimiiu, it 
yields C'S vol. carhoiiio iicid on tlm fourth day (iifior ih ilimLion of tliat 
which proceeds from tho carliomito of amuioiiia a.diled), and on the fiftli 
day tho docomposition is comnloto. llmico fresh urine mi.xcid with 8 nor 
cont. of putroflod urino, yiolds (I vol. of gim on tlm Boeoiid day, ami i« 
coniplotoly dcoomposod on tlio tliird. Urino collected in roceptucleH in 
public places, passes quickly into ammoiiiaon! putrefaction. On emjity- 
ing these rocoptaoles, washing thorn supcrficiully willmnt removing the 
deposit on_ their sides and bottom, then iiitrodiiciiig frosli nviim for 
only 20 ininutcs, and. filtering it, tliiB nrino docnniposes eoiiqiietely in 
24 hours; if it ho mixod immodiatoly after flltmtion witli luiotlmr portion 
of fresh urino, tho mixturo hccoiiies very turhiil on tlm Hist dny. gives 
otF G vol. ciubonio acid gas in 24 iioiirs, and is (•omplelely fennenlml liy 
tho fourth day. Tho wliito dojio.sU jiroduced in piililio rcceptacloM of 
lirino during forinciitatioii, oxliibit.s very strong docomposiiig power; 
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■wlien collected on a filter, dried botweon paper, and mixed with 50 
times its weight of fresh urine, it produces rapiil fcrinentation, which 
sometimes terminates in 24 hours. 

1 According to C. Schmidt (Ann. Fharm. Gl, 1G8), urea mixed with 
yeast is quickly resolved into carbonic acid and ammonia. Wlicn mixed 
with yeast and a small quantity of sugar, it does not docomposo till the 
sugar is completely fermented. With a certain proportion botwoon sugar 
and yeast, a kind of equilibrium is established; with a larger quantity of 
sugar, the urea is protected from decomposition; and with a smaller 
quantity of sugar, tho urea is decomposed with greater or less rapidity, 
according to tho excess of yeast present. A given quantity of yeast 
decomposes only a definite quantity of nrca; C(inal muuitities of yeast 
and water mixed with dilTorcnt quantities of urea always yioldcd tho 
same amount of urea in a given time, Fungi arc not ossontial to tho 
fermentation of urea. A solution of gliio mixed with urea, ]>ho,sphato 
of soda, and sulphate of magnesia, which had hcon filtered, heated to 
tho boiling point for half an hour, and then exposed to a current of air 
previously passed through sulphuric acid, yiohlcd, after 8 dnys, a qunii- 
tity of phosphate of magnesia and ammonia, equal to tliiit which tho 
same liquid would have given under similar oiromnstances if exposed to 
to tho air in its ordinary state. IT 

PxLtrefaction of Oowdttnt /.—When dung, rondored loose hy mixture 
with chopped straw, is floated on water in a basin, and oovorod with an 
inverted boll-jar, it converts tho oxygon of tho air into a nearly equal 
volume of carbonic acid gas, imparts nitric acid to tho water in the course 
of a few days, and likewise nitrate of ammonia if tho air ho not runowod, 
because, in this case, hydrogen is also evolved. If tho cowdiing ho well 
covered up with clay, it likwiso absorbs oxygon almndantly; gives off 
carbonic acid, but no liydrogcn; rises in tomi)oratnro by 12"'—15°; and 
acquires first a pungent ammoniacal and afterwards a tpusty smell, at tho 
same time diminishing considerably in quantity, an<l being converted 
into a dry, light, porous, black mass, winch hoars a strong roRomhlanco 
to peat, and decays very slowly, No nitric acid is found in tho water 
surrounding tliQ bottom of the jar. (T)iaor & Eiu]iof, A. Gehl, 3, 200.) 


Theories of Fei'mentation. 

1. In vinous fermentation, tho nitrogenous matter of the liquid takes 
up oxygen, and is converted into a ferment, and tliis formoiit, by its 
catalytic power (L, 114, 115), causes tho sugar to resolve itself into car¬ 
bonic acid and alcohol. (Ucrzolins.) This is to give a nanio to tho fact, 
not to explain it. 

2. Tho nitrogenous body, hy contact with tho oxygon of tho air, 
undergoes a change of composition; tho o^uilihrium of tho attractive 
forces which held its particles together is tlioroby disturbed; now 
compounds are formed; and tho body nndorgoos progressive transfor¬ 
mations, which, now tliat tho equilibrium of tho forces is destroyed, 
go on, even if further access of air bo provonted. Tho alteration of 
arrangement in the atoms of the olomonts produces a motion in tho 
compound atom of the nitrogenous body, winch motion is transferred 
from one compound atom to the next; and in this manner tho doooni- 
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position or fennontatiou is propagated throughout the whole of the 
nitrogenous body. 

Now, when a nitrogenous substance in this state of decomposition 
conics in contact with another substance, such as sugar, which would not 
ferment by itself, tbe motion by wliioli the elementary atoms of the former 
body are afl'ectetl, is also transferred to the contiguous atoms of the latter, 
causing the elementary atoms contained in the compound atoms of the 
latter to assume new arrangements and enter into new combinations; and 
in this manner the latter substance is made to resolve itself into new 
products. (Liebig.) 

This mode of explanation is likewise unsatisfactory. Admitting for 
a moment that the oxygon brings tbe nitrogenous matter into a state of 
progressive decomposition, and thereby causes a motion of the elementary 
atoms which form the compound atom of that substanhe, still we cannot 
suppose that this atomic motion extends beyond the sphere of the atom 
of the ferment into that of a neighbouring atom of sugar. For, the c.auso 
of this atomic motion is the tendency of the elementary atoms contained 
in an atom of the ferment, to unite among themselves in new proportions; 
there is no cause assigned to induce them to move out of their sphere. 
But even supposing that the motion of the elementary atonrs in the 
ferment should go so far as to cause one of thorn to impinge upon an 
elementary atom of the sugar-atom, and endeavour to push it out of its 
place, such impact would probably cause a change of place, not merely 
in the individual elementary atom of the sugar which was struck, hut in 
the compound atom as a whole. If, indeed, wo suppose that this mecha¬ 
nical impact of ouo atom upon another is capable of altering the state of 
oomhination in the sugar-atom, it is not very easy to sec why the agitation 
of sugar-water with sand or small shot, by which some of the clemontary 
atoms of the sugar must receive a stronger impulse than others, should 
not also produce a decomposition of the sugar. .Neither is it easy to 
understand why other changes which take place in the sugar-solution,— 
even when they are accompanied, as in the case of the ferment, with evolu¬ 
tion of gas,—e. g., the action of acids on a solution of sugar and carbonate 
of potash, or the solution of zinc in a sugar-solution mixed with acid— 
do not produce decomposition of the sugar;—why it is only a p.artioular 
kind of matter in a peculiar state of decomposition, which, by the motion 
of its atoms, can induce fermentation; why this substance, in its various 
stages of decomposition, brings tho sugar into totally different states of 
fermentation; and why—since, according to Liebig, the soluble portion of 
the yeast, which can penetrate the bladder, is the more active portion—a 
sugar-solution separated from the yeast by a bladder, is found, as in tho 
experiments of Mitscherlich and Helmholtz, not to enter into fermentation. 
T Dopping & Struve {J. pr. Chem. 41, 255), in repeating Helmholtz’s 
experiments, sometimes observed a slight evolution of gas in the sugar- 
solution in the tube, so long as tho outer solution was in the fermenting 
state; subsequently also they found yeast-cells in tho former solution; in 
several other experiments, however, this effect was not observed. IT 

Moreover, the experiments of Schwann & Helmholtz (p. IOC) which 
show that air which has been previously passed through a rod-hot tube, 
and is tliorohy freed from the germs of microscopic organisms, docs not 
induce fermentation or putrefaction in nitrogenous bodies, throws great 
doubt on the fundamental proposition that oxygen alone is sufficient to 
bring the nitrogenous matter into the state of ferment, IT But on this 
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I)ouit also tho cxpoi'iinouta of D6p])ing & Strnvc givQ results illfToroiit 
from tlioao of llohuholtz (comp. p. lOG). IT 

3. According to Schwann, tho air contains tlio germs of microsooiiio 
plants and animals; and when tlio.so germs find a fitting soil, such as is 
oflbrod by varioii.s nitrogonoiis bo(lio.s, they dovoloi) thcinsolvos thoroin, 
producing fungi and infusoria, which thon, in a manner not yet explained, 
induce tho forniuutation of sugar, &g. In vinous fenuonfcation, JMitsohor- 
lieh stipposo.s that the yeast-fungi act like contact-substances (vitl. Vinous 
Fcriimilutwn). 

1 Blondoau [N. J. Phann. 12, 241 and 33G) also maintainH that 
feriuentatiou in all its fornm depends on tho dovolojunent of fungi. 
Alcoholic fernioiitation ho attributes to a fungus which ho calls I'orvuhi 
ccrocisiWj- lactic acid formentation to Penicilliuni gbiuoum. Tho latter 
foriuoutaticiH takes place after tho former, when a mixturo of MO gnuunies 
of sugar and 10 grm, jicast with 200 cuh, cent, wator at tho toniperiituro 
of about 2.0 is loft to itsolC for somo time, after tho teriuinatiou of tho 
vinou,s formentation (which is completed in about 2 day.s). Bcer-yoast 
Tiii-xod with a littlo wator and loft to itself in a dark moist plin^o, was 
found to contain germs of 'J'ormda cn-evisim and PtinciUium yUincwni; 
when tho licpiid was liltored, tho former of these romainod on tho llltor 
and brought a solution of sugar into tho state of vinous feriuentatiou; 
hut tho latter being oxtromoly small, ran through tho filter, and tho 
fiUrato brought augar-wator into tho stato of lactic acid fermenl.atiou, 
Acelic avid forinoutatiou doponds on tho dovolopmcnt of 'Ponnila uciik 
Tho ounverHiou of nitrogenous substances into fat (e. (/., of casein in Iho 
prepiij’iition of llonuofort cheese, and of fibrin inider similar cirenm- 
8t.fl.noos), which Biondeau distinguishes by tbo term fndi/ or adipiv 
FennenUUinn (fvrmentaCwn adipe.usf), is produced by fViu’ctVfi'KWif/faucina 
or Turuula viridU; and in butyric acid formentation, and nrinous for- 
inonlation (tho conversion of urea into carhonato of annnonia), tho action 
dopeiuls on tho dovolopnumt of Pmicillium (/knicum, (Biondeau.) 11 

Against this view Liobig raises tho following (d)joctionH: 

Boer-j'Oaht, which is supposed by Schwann, 'Tni'iiin, and othons, to 
onnsist of fungi, doo.s not jmssoss tlio composition of true fungi, but of 
gluten.--It liiiH never yot been specified in what manner these niiero- 
soopio organisms ed'ect the doooinjiositioii of formentablo subsliuicos. Are 
tho products of forinontatiou and jmtrofaction tho oxcrements of those 
living beings, to which tho formontnhlo substanco sorves as food? Or do 
those organisms transforin tho original furmonlablo suhstaneo into now 
conipounds (producte of formontation) by an oxtornal e.xortion of thoir 
vital forco?—If vinous formontation wore a ctmaotiuonou of tho more 
porfoct dovolopmont of fungi—os wo might, perhaps, su])poso to ho tho 
caao in tho forinoutatiou of boor and wine—bccr-yoast ougld. not to bring 
sugar-water into a stato of formontation, inn.smuuU as tiio sugar-waLor 
contains no nitrogemms inattor whioli can sorvo ns fond to tbo fungi 
composing tho yeast, hut on tho contrary tlioso fungi disappear during 
tho formontatidti.- Siigar-wator is likowiso hronglit into tlio stato of 
vinous formontation by contact with ohooso or almond-inilk, tliongli in 
this oaso no fungoid hodica nrc dovolo])od like tlioso of tiio vinoim ferinout, 
as in tho yirepavation of heor, or tlio formontation of grape jnico. - In 
thousands of coaos, no iiifiiHoria can ho doLootod in jmtrel'yiiig oliooso, 
blood, urine, or hilo, or they do not inako their appoariinco till tlio 
putrofaotion has gone on for somo timoj licnco they cannot bo tlio ciiuso 
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of tlio putrefaction, but are merely developed from germs oxistiug in tlie 
air, because those germs find nonrisbment in the putrefying substance. It 
is true tliat they tlien accelerate the decomposition, because they food upon 
the organic matter, and convert it by their vital action into carbonic acid, 
&c. When they have thus consumed all the nutriment, they die, and 
serve as food for infusoria of other species. All this may tahe j)lace 
when the air has access to the putrefying substance; but bodies which 
putrefy out of contact of air, cowdung for example, never exhibit 
infusoria, which in fact would be killed by the sulphuretted hydrogen 
evolved. (Liebig.) T Liebig also remarks {Handvjorterhuch der Ghemie, 
3, 217), that in the fermentation of milk, when that liquid is left to itself 
for a while in vessels containing air and bound over with blotting p.apcr, 
till fermentation and formation of lactic acid are completely established, 
not a trace of vegetable growth can be detected. He moreover observes 
that in the study of fermentation, attention has been too exclusively 
directed to the vinous fermentation, and conclusions of too great gene¬ 
rality have been drawn from the phenomena observed in that particular 
process; whereas, the expl.anation of vinous fermentation ought rather 
to he deduced from the study of fermentation in the more general 
sense. 

C. Schmidt (Aim. Pliarm. 61, 168) is .also of opinion that fungi <aro 
not the prime movers cither in urinous (p. 108) or in vinous fermen¬ 
tation. He finds that the clear filtrate ootaiued by throwing almonds 
beaten up with water on a wetted filter, soon brings urea and grape-sugar 
Into the fermenting state; and in the latter case, the fermentation may 
be in full play, although no trixee of yeast-cells is discernible by the 
microscope, those cells not appearing till afterwards. If the saccharine 
liquid bo left to itself for a week or a fortnight after the completion of 
the fermenting process, the groups of cells continue to grow in it, though 
110 putrefaction takes place; the fungi, if washed and then introduced 
into a fresh solution of grape-sugar, grow in it vigorously, but excite 
but feeble and transient fermentation, if any; bcnce it appears that the 
growth of these plants is but a secondary phenomenon in fermentation. 
The loss of activity in bruised yeast depends, not upon the destruction 
of the fungi, but on the chemical change produced by the air during the 
long time required to bruise the yeast completely; the crushed yeast- 
cells convert sugar into lactic acid, wdtli scarcely any evolution of gas.— 
Schmidt is also of opinion that [vinous] fermentation is, like otborification, 
a process in whicli one or more compounds, c.apable of splitting, at tho 
very instant of their formation, into alcoholic and carbonic acid, are 
produced from one of the constituents of tho yeast togctlior with tho 
elements of the grapc-sug.ar,—just as sulphovinio acid is formed in the 
process of etherification. !■ 

That fermentation and putrefaction do not actually depend upon tho 
action of living being.s, appears also from tho observation of Helmholtz 
montionod on page 106,—viz., that fresh mo.at separated from putrefying 
meat by a bhadder, through which living organisms cannot p.ass, never¬ 
theless passes into the state of putrefaction; tho same conclusion is 
likewise supported by the second series of experiments with milk (p. 103). 
It must therefore be admitted, that, although living beings 2’k'y fm 
iinjiortant part in some fermentations, the vinous, for cxamjjlo, and in 
others exert a marked influence on the course and products of the 
decomposition, still they cannot be regarded as the cause of tho fermen- 
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tiition ; in fact, wo do not as yot possoas any perfectly satisfactory tlicor 
of tlioKO precoHsca. 

[For furtlior detiiils, see the several kinds of forinoiitntion, oapocially 
Vinous Fermailutioii.] 


IWsenuilion of Onjanio Suhslances. 

Prescruation of ]Vood, 

Wood couHiafa principally of lifijnin or woody fibre; but in ita colla 
tlicro ia ilepoHitcil another Hubstanco inaolublo in water and j<).sa dispoaod 
to putrefy, vi*., tliu incrusCiuij mattsv if the, wood. 'I’lie ccIIh lilcowiao 
contain (lie driinl sap of tho wood, coimistiiig cliiofiy of Hiiga.r, gnni, and 
allmininouH itialtor, Wood felled at any time liotwcoii tlio end of sunimor 
and tlio beginning of spi'intc alao contains ataredt, destined to Hiipjily tlio 
sap wliioh riaos from tho roota in spring, rrith iioiirisliinent for tbo first 
loaves in tbo form of sugar. Tliese Hiibstances, staroli, gnin, sugar 
(freqnontly also tannin), and nioro ospecinlly tho albnminons niattor, 
pass into tlin state of putrefaction, bring tlio woody libi'o and inernsting 
matter into tbo sanio Hlalo, and favour ibe growtli of fungi, as woll as 
aorviiig for food to Llie wood-worm. Movevor, even pure woody fibre, 
BiK'li us linoii, )iaper, tvc., is liable to iintrcdV) tbmigli nmeb loss than wood 
in its naUiral slate. According to Uouclierio, oak-wood c.ontiiins from 
.T to (1 )ier cent, of matter soluble in wat(n% IIiiwuhIuhI oak-sliavings, 
kept nndst willt water for half a year, become nionldy lunl diniiniBli 
conHiilerably in weight; tlin same shavings, wlum waHlied, do not tium 
mouldy, nml undergo scarcidy any diminution in weight, ^lloiielierio.) 

Tlin lU'eservation of wood iiitendod to he ('xposed to air and water is 
ofi'ected, someliiuos liy removing tlin fornmnlnhlo suhstanees eoulainod in 
it, sometimes liy hvingiug tliese HiihstaneeH into a less fernumlalilo state 
(piirtiy liy means of re-ngenls wliieli likewise aet as poisons nn tlin wood- 
fungi), HoinetinieH by impregnating and coating the wood witli stibstancoa 
wliioli oppose tlio iiccosa of air and water. 


Removal of the constUueiils of the Rap. 

Formerly, trees intended for ship-building were foiled in winter; the 
ends of lliohranclies cut off; and the trees siifrorod to lie with tlui hark on 
till llie folluwing simimer, at which tinm they |mt forth buds and leaves, 
and tlioreliy cimsiimed the sap contained within tliein. Latleriy, it has 
boon till) priictiee to fell tbo trees in spring, and work tliem ii)) with tlio 
sap in tlietii; in ennscquciico of lliis, wood used for Hlii(i-btillditig deoays 
much more (piickly now than formerly. (Carey, Ditujl. I'objL ./. '10, 215.)— 
In treating tho trees liy Jbnicliorio’s iirocess {lAd. ivf), tbo Ha|) might bo 
more eomplotoly romeved by causing pure water to rise in tho stem. 
Another motliod is to stoop tho wood as soon ns it is fullod, in water—host 
In a running stream—and koep it llmro for some inontlis or a year. 
(Prochtl, Polyl. Jakrb. 3, 1211.) Aec.ording to Jloncherio, the removal of 
tho sap by Inis process is merely supoi'lleial. Tho wood may also he 


increased pressure, (Stroicber, Dingl. rolyt. J. 3(i, 133.) 

Diminution of the tendency to Dutre/action, 

By exposing tlio wood to a strong licatj e.y., tlio spiked pnlingH 

are often lialf-oliarrcJ,—By saturating tlio wood with aiitisi'iilii' linniils; 
e.g., covering it with Oil of Vitriol. This liijuid chars tlio wood oxtcrimlly, 
forms a compound witli it, and provonts tho attacluiiciit of cryptogiuiiouM 
plants. {J. chim. mi-d. 10, (i08.)—Saturation of tho wood witliyh/Kfow 
sohitions of salts. Oonimonsalt; Protects tho wood Jrom fungi, hut is^ 
washed out by rain. {Polyt. J. 3, 449; 40, 21 (i; .'!8, 479.) C/ilurulc oj 
or tho mother-liquor of many aalt-springH containing that suh- 
stance; Makes tho wood very floxiblo, protects it from decay, by retaining 
a portion of its water, and thorohy oon.sidorahly diminisliing its eoni- 
bustibility; but to protoot it from initrofaction, a nioderato quantity of 
crude acetate of iron must ho added. (Bouehorio.)— .■iluiii; I.ess oiricieiit ns 
a protoction from putrefaction tlian tho saltsof the lioiivy metals. {I'utyt. 
21,286.)—Ci'ce)! i/jirw/, or its niotlior-li(|nid : I’roleets the wood Irnm dry 
rot, but is in other rospoct.s not very ullieiout ill preventing piitrefiietioii. 
(Chapiiian; Striitslci, J. pc. Chem. 3, IHri.)— (/nnlt: Metitlc n/ /''t rcii.nij!rric 
oxide, obtained liy dissolving iron turiiings, smithy Hi'iiles, ilio., iu pyrolig¬ 
neous acid. The antiputresociit power is jiartly ilue to the tar ciuiluiiiod iu 
this liquid. (Prochtl, Bouehorio.)— Blue vitriol. Very oHie.ient against dry 
rot and putrefaction.— I'roioc/Uorklc of (’upper. Very vllicieiit ( rid. hf.). 
Corrosive sublimcUe. Very ollioionl. First roeoiiimi'iided by Kyiiti (/W.yf. 
J. 4S), 4.50; 50, 299; 58, -186), wlioiico tho saiiiratimi of tho wood with 
aoliitioii of corrosive aiibliiiiato is called Kytininny. Arcordiiig to Kynii, 
tlio boat stroiigtli of solution is 1 pt. of siibliuiato iu til) of water. Tliu 
sleepers on tho Baden railway, wliicli are stooped iu a solution of 1 pt. 
corrosive siibliuiato in 75 parts water, havo roiiiaiiiud iu u.'ci'nlleiit pro- 
sorvation for 7 yonva. Wood or cotton sloopod iu sidutioii of oorrosivn 
sublimate does not give up a traoo of mercury when immorsod iu water, 
but yields it to nitric acid; after being washod with water, it hoops qiiiUi 
as well as before. Ilonco corrosive miblimiito forms an iii'iolvibln coiii- 
pouiid with woody fibre. Kyaiiijtod wood romaiiis mmltered in a iiioiild- 
pit for 5 years, whoroa.s that which bus not buiui kyaiiized heeoiuus 
thoroughly mouldy iu yoara, Tho diHeroiico liotweuii tho lU'epnred iilld 
niiprojiarod wood is likewise soon wlieii they are jilured iiiider a gutter. 
Kyanizod calico roiiiaiiis iiiialtured fm- three nioiitlis in a diiiiip eellar; 
unkyaiiizcd cotton similarly oironinstainu'd fnll.s to iiieees wlieii unrolled. 
Tho intimate oomhiuatioii of the oorro.sive suhliiiuite with the texturu also 
provonts it from ova[ioratiiig, and thereby exerting a poisonous uetioii, 
(Faraday, Polyt. J. 5(1, 290.) There is however a danger of poiuoiiouH 
effects in stooping tho wood, ami also in its anliHOquont use as fuel. (Um.) 

Stooping the wood siiocosHivoIy in diHereiil iiipihh, whirh lUeontpuae 
each other, and yield an insolnUe sididunce ivhick /ills Ihr crih. I'drst 
groon vitriol, tlieii oriido aeolatu oDiino. By lliis Iruatmeiit, gypsum, ainl 
perhaps aftorwards sesquioxido of iron, is fixed in the weed, while the 
acotio acid is washed out or ovaporiitcH. Tliis proeesH is said to yield 
good results.-—First protoclilorido of copper, iifierwurds eurhoimte elMida 
or milk of liiiio; the latter decs not however pimetnite well, (Tiell'y, 
Polyt. J. 72, 461.)—It miglit ho iiHeful also to try green or Idiie vitriol, 
and then a solution of ulkiilino silicate (Holiihlc glin-s, 111,, ;i7l), Th« 
vor.. vri I 
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•wood would bo tlioroby penetrated with a nictalllo silicate, and petrified 
to a certain extent.—Or: Blue vitriol, tlion cliloride of calcium, thou 
Bolublo glass. By this i)roccs3 gypsum would be deijositcd as well as 
ellioate of copper; ahso silicate of lime, if the (piantity of soluble glas.s wore 
larger.— First, oil of vitriol, tlien a solution of resin in aquoou.s potash. 

Coating or saturating the wood with Jimnous or l<’atli/ iSubalances, 
which keop out air and water. Kejieated rubhing-in of coal-tar or wooil- 
tar (tho latter is not so good a.s the former); or a solution of common resin 
in oil of turpontino, trniu oil, or any other flit. {Polyt. J. 4, 480; 27.185; 
40, 218; SO, 152.)—Saturation with a fixed oil, such as train oil; with a 
solution of litharge in linseed oil; with a solution of pitch, sulphur, and 
wax in train oil, )kc. (^I’oljjL. J. 87, 1.02; 40, 218.) 

Small boards of /‘intis sylvedris, 2 lines thick, 1 iiudi wide, and 4 inches 
long, wore macerated in a solution of 1 pt. of either of tho following salts 
in 2,5 jiarts of water; Priestley’s anbstanco was produced only in tho 
nlum-solution. A portion of these hoards cut into shavings, and rojioutodly 
boiled with water, gave up a portion of tho salt to tho water; but tho 
boiled shavings yielded an ash containing alumina and one of tho fi.xod 
heavy luotallio oxides. Tho soakod boards, together with one which had 
not boon so treated, wore hnriod in tho garden under tho northern oaves 
of a house. After two years tho boards oxhibitod tlio following characters: 
Wood, in its ordinary state, not steeped: brownish, rotten.—2, With 
alum: like 1.—3. With Bulidiato of nianganoso i like 1,—4. With proto- 
chloride of tin: like 1.— S. With nitruto of lead: somewhat firinor,— 
0. With blue vitriol: lc8.s brownish, sidid.—7. Corrosivo sni)Hniate: more 
reddish than brownisli yellow, and still more sidid than (I.—Linen 
saturated vvith those solutions, then pliicod in a largo dish, and buried in 
gardon-mould, which was situated in a sunny place, and ofttm copimisly 
watered, disaiipoarcd completely, oven when saturated with corrosivo 
Bubliniato. 

When tho strips of linen wore steoped in rather strong a(dnli()nR, buried 
In tho garden-mould in such a manner that the eml of tho strip projected 
out, and otherwise treated ns above for nine months, the following ofibets 
were produced 1 Linou in its ordinary state: tho wliolo ilisappoarcd ns 
far ns tho projecting end, which was brownish white, hut still lungh; a few 
light brown, brittle remnants of tho portion whiidi bail been covered with 
earth, still adUorod to it.—2. With sulidiate of niaiiganeso: like 1.— 
3. With sulphate of zino: like 1, excepting that smnowliat more of tho 
buried portion romainod in a browm, brittle state.—4. With prolochlorido 
of tin: none of tlio strip had disa|)poarofl, but it was for tlio most part 
brown and brittle.—5. Glroou vitriol: like 1.—0. Pyridignato of iron: 
like 1,—7. Blue vitriol; almost mmltorod, white and tough: tlio lowest 
part alouo was somewhat brown and hrittlo,—8. Protooldorido of copper: 
comfilotoly preserved, white, with a tingo of green (a proof of tlio 
fixation of the copper), perfectly tough and solid.—£). Gomwivo suhliinato;' 
tho lower part had disajipoaroJ; tlio up])or portion was wlilto, tougli, and 
oomplotcly preserved; the middlo, brownish and hrittlo.—10. Gruosote: 
like 1.—The superior preserving power of tlio coppor-salts above that 
of the corrosivo aubliiimto may perhaps ho duo to tho greater solubility 
of tho former, which enables thorn to bo used in a more sutiirnlod 
solution. (Gm.) 

At all events, those oxporimonts show tliat tho greatest prosorvntivo 
power is exerted by corrosivo sublimate, hluo vitriol,’ and chloride of 
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sublimate render it highly desirable that oxporimonts should bo iiiado on 
the largo scale, with tlio view of testing thoollioacy of one oi those oojiiHU'- 
salts in place of corrosive subliuiato for steeping tho sleo])urs of railways. 
(Gm.) 

Method of saturating Wood with the ahove mentioned Litiauls. 

1. Continued immersion of the luood in cisterns Jitlcd with the 

The liquid does not dill’uso itself uniformly; it is prevented by tho oiiehisod 
air from penetrating tho wood; and portions of tlio wood are lelt uniin- 
pregnated, larger in proportion as tho time of ijiimorslon is shorter and tlio 
liquid ia less inobilo. 

2. Bouclierie’s process. —A tree is stripped in summer of a portion of 
its branches, leaving only tho terminal boughs; a hole is bored horiitmitally 
through the stom above tlic soil, and tho tree sawn tlirongli riglit and left 
from this hole, leaving only a portion an inch thick on each side (Uitiiio, 
The whole section, excepting tho opening of tho bore-ludc, is then wiupjicd 
round with a tarred clotli, and tho aperluro immediately connected with 
a vessel containing tho liquid, lliijiid absor|ition thou takes iilace (in 
largo trees to tho amount (d’ 200 or .'}00 litres); the liquid ri-ses quickly in 
tho stem (in a poplar it rose EO metres in 7 (lays), tlriving the sap hi'fiirn 
it into the twigs and loaves, and freeing tho wood from all snlisliinci'a 
which would givo it a tendency to ]mtrefy; and in 11) days ]ametrateH I he 
stem throughout, o.\;cc|)tiug tlio iiniermo.st part, which has already Im-t ii 
groat part of its vitality. Bouoherio chiefly uses crude ucetale of iron 
(1 pt. of which in tho dry state sulliees for .'»() parts of wood), somelimi'M 
with tho addition of chlorido of caleium, hocauso the former when used 
alono makes tho wood very hard and dillicult to work. I {.'opiier-salls or 
corro.sivQ sublimate, which Bouchcrio also more lately used, would exert a 
still greater antiseptic action.] If ferrooyanido of potassium be inado ho 
rise in tho stom after tho iron-salt, tho wood acquiree a liluc colour | and 
other colours may bo iiroducod by similar meauB. Vegctaldo liipdils 
penetrate loss oasdy, probably hocauso tho atoms of organio compounds 
are larger, (Bouchorio, Ann. Ohim. I’hgs, 74, IK); also J, pr, Chem, 
21, 445.) 

Transverse^ sloopors for railways, formed of oak, bcooh, wliito hccidi, 
birch, aider, with tho sap in them, when saturated by this procc.ss, ciilmr 
with blue vitriol, or with a mixture of corro.sivo sufilimalc and common 
salt, or with Chlorure de calcium pgrulignitf (a mixliiro of c.hlorido of 
calcium and crude acetate of iron), and Imriod in tho ground for tlirco 
yo.ars, wore found to bo quite unaltered, or even harder tiuuv at lirst; 
while similar sloopors in the unjircparcd stalo HuHhrcd in him sumo limn a 
oonsidorablo degree of putrefaction, and were softciiod on tlm muiTih;c. 
(Bouchorio, Com.pl. rend. 21, 1153.) 

3. Breant's process .— Tho pieces of wood are enclosed in a nmtul 
cylinder and surrounded with the liquid, willed) is forced into tho wood 
by means of tlio air-pump or of steam, tlio air diHCiigugcd from tlm 
wood being sudered to escape from tho upper part of tlm cylinder by 
a safety-valvo. By this treatment tho wood hecomuH completely peiu'- 
trated by the liquid, exeo])ting tho knots and resinous jiurls, 'Wood 
saturated in this manner with linseed oil koops romarkiihly widl; hut when 
saturated with green vitriol, it is brittle, ami not weiradupteil for u-m. 
^roni tho lloports of tho Soo. d'iincouragemciit, IHKI. l)ecmnh. in tlm 
jRevue scieni. 4, 273.) 
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Freservatwn of Vegetables. 


1. Salting. 

2. Drying. 

3. By Appert’s process (p. 100). Effective, but mtlior troublesome. 

4. According to Braennnot. {Ann. C/dm. Phys. 64, 170; also J. chim, 
m/d. 13, 442; Sso J. pr. Gliem. 11, 375.) A cask provided witb a door 
is three-fourths filled with sorrel, lettuce, endive, chicory (even if rancid), 
or asparagus; and a piece of a rag steeped in sulpliur and attached to tho 
end of a wire is set on lire and introduced through tho door, the con¬ 
tamination of tlio vegetables by the falling down of the burnt matter being 
prevented by laying a board upon thorn; tho door is thou closed, and tho 
cask agitated to accelerate the absorption of tho sulphurous acid. Tho 
sulpliuring is twice more performed in tho same manner, and tlio vegetables, 
together with tho liquid which has oozed from them, arc put into stone¬ 
ware jars, which are then merely tied round with parchment and put into 
a cellar. Vegetables thus treated keep well till tho April of tho following 
year. They do not however soften so quickly in water as fresh 
vegetables, and must therefore, before boiling, bo soaked in cold water for 
some hours (asparagus in April for 24 hours). During tho boiling, 
which generally does not last longer than with fresh vegetables, the 
sulphurous acid is given off. This method is applicable only to tender 
vegetables, which easily soften in boiling. 


Preservalion of Eggs. 

Eggs immersed wlnlo fresh in milk of lime, will keep in it for years, 
doubtless because tho carbonate of lime formed by the carbonic aoicl 
evolved from the egg, completely stops up tho pores of tho shell. On 
pulling down a sacristy in the neighbourhood of Lago Maggiore, eggs 
were found quite fresh, after having boon surrounded with mortar and 
enclosed in a wall for 300 years. {J. I'/umn. 7, 457.) 


Preservation of Meat intended for consumption. 

1. Freezing temperature .—In Canada, cattle whoso flesh is intended 
for winter consumption, are slaughtered as soon ns tho frost sots in, and 
the meat is kept in the frozen state. 

2. Drying .—The well-known process adopted in South America. 

3. Appert’s piroceas (p. lOO).—Pieces of meat likewise keep forsovoral 
weeks when immersed iu well-boiled water covered with oil. (Sweny.) 

4. Nitric oxide gas. —This gas is passed into a vessel filled with tho 
moat, and the vessel well closed; the hypouitric acid thus formed turns 
the meat brown. (Guepin, J. cJdm. -mid. 11, 545; Lippaclc, Jalhrb. 
praht. Pham.,I, 23.) This preservative power of nitric oxide gas was 
discovered by Priestley. {Exp. and Ohs. on diff. kinds of air, 1, 123.) 
After Priestley, Hildobrandt (p. 105), and Braconnot {J. chim, mid, 7, 
708), showed that nitric oxide gas and vapour of hypouitric acid protect 
meat from putrefaction. 

5. Chlorine. —Meat which has been exposed to tho vapours of chloride 
of lime, will keep for any length of time. (Braconnot.)—Beef, placed for 
a few minutes in contact with chlorine gas, and then hung up in tho air, 
will keep for six months; only it becomes perfectly dry. Putrid meat. 
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immorsod in clilovino-water, loses its biul sinoll end iiaauuie.M the (nipeui'- 
ance of frcsli moat. (Raimoml, J. 1‘kayni. i, 42(1.) _ . , , • 

6. Pickling with Gomimn Salt awl Nilre; somotiiuoH with the mhli- 
tion of pounded sugar. 

7. loijeclion with Jlydrocldovate of Aluiniixt ,'—’Tlio cavotid tii'leiy Mini 
jugular vein of an ox just killed hy the polo-axe, are opoiiod; the two 
extromitioa of the jugular vein and the upper end of the ciu'olid iirloi'y 
are tied, after the lilood has ceased to How; and the lower end of l.lio 
carotid artery coimoctod hy uieaua of a floxihlo tuho with a syrhigc*, liy 
means of which a solution of 2 kilogriiuuiuw of elilorido of aliiiiiiiuim ill 
10 kilogrammes of water la rapidly iujoetod, till the suporfieiiil voiiiM 
appear fully distended. Lastly, the floxihlo tiilio is taken hetweeii tho 
fingers and pressed from above downwards, in order to foreo in moro 
Ikpud; the carotid artery is tied; the flyringo removed; the skin of tho 
animal stripped off after 20 niiniite.s; the entrails taken out; and tho 
caronso out up. Tho difl'eront parts ol the hody exhihit the iisiiiil np(iear- 
nnees, excepting that the lungs ;i])p('ar ol a. paler eidoiir than uhirI. 
Moat thus proiiarod will koe[) in tho air, jiroi'ided Hies h(i kept oil, for 4 
weeks in winter, and in snimner, in a eool airy plaee, for 2 u-oeks. If 
required to ho kept leiigor, it luu.st he wiislied witli a niixtiiro of (‘ipml 
jiarta of a solution of coninion salt of 10' Dm,, and llio nhovi' soliifioii of 
1 pt. chlorido of alnniiiiiim in .O water, to reniovo eoiigiilaled liltaal and 
mucous matters; tlicii jiimsod down into easks, till iho eiisks iiro i|iiito 
full; another jiortion of tho mixture of eoniiinm salt ainl elilorido of 
aluminum poured in; and the easks seeiirely elesed, h’losli thus treated 
kcojis well for a (|Uartor of a year. Or the iiienl, iifler having himii 
washed ivitli tlio mixtiiro of eemnioii salt and ehloride of iiliitniiiiini, hi 
dried oitlior in a current of hot air, or hy Hinokiiig, and afterwiirilM kojit 
in casks closed air-tiglit. lleforo use, it is nmeerated for 2-1 hniirs in 
water or salt and walor. (flaiiiial, Ji'ri’ue tckulif, B, iKt); iiliNlr. 

rend. 12, ,032; also .7, pr. Vheni. 23, lUl.O.) 

8. Smahing. —Dy this treatment, tho input hecmiies imjiregiinted with 

acetic acid and ompyrouniatio oils and resins, which extirl lui antijnitrew- 
cent action; among those.suhstaiicco, oroosolo appemrs to plaj^ the [iritiei|ml 
part. A similar result is produeod hy imnim'siiig Ihe meat in an ai|iiooUM 
mfusioii of pounded H.'i), or in dilute eriioNote'water, M liorotiy 

it acquires tlio tiisto and smell of ereosoto. Dnl if ii hasiii eoniaiiiing 
creoseto ho jiliiccd near the meat, in HUiiinier, ami a eever put over Imtli, 
tho meat will keep in the atniospliere of ereoMoto four days longer tlian 
under ordiuavy eirciimHiaiices, ami yet will not taste of eroomito iiftor 
boiling. (Stcillioiise, (ilmti/nw ,/'tii/, Snr, I, l l.I.j Mongo, Meinoeke, iiiid 
Bovres rocoimuoml iiyroligiieinis iieid; meat, nfler immersion in lliis liquid, 
dries iu the air witliout putrefying, hnl is mil very pnlalahlo, 


2’reservation of Corpses and Aimtomienl I'rrpiimt'inns, 

Aqueous iMphnrous acid, first vocommmided by J, l>avy, in very eili • 
cacious; it does net destroy the miiseulur fibre, hnl in ihe eonm- i.’f IU o 
inoiitlis, eouverts the cellular tissue and tendons inlu a tian-juui'iil itdly. 
Parts of tho animal body keep Itmger lliiiii •( weeks, if siu ronmlod willi 
tew which is impreguated with siil]ilmroiis acid. (Taullli. h. .1. I'hum. 
18, 452.)-~Ox-hluod akso, ugitiited wilii air in which .-uilpltiir him lieen 
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burned, reiuiiins uufiltevod for fit lenst four woolcs. (Pontet, Sullct, PJuivni, 

3, 5C7.) 

Sulphuric (iciW.—Corpses immersed for a few hours in water eoiitaming 
sulphuric acid, keep for 14 days without any signs of putrefaction. 
(Soubeiran, J. F/iarm. 18, 45(3.) 

Corpses, which are to be kept for future legal investigation, may bo 
injected (avoiding the use of heavy inetallic salts), according to Sucuuet, 
yfiih sulj^kile of soda; according to Bobi^ro (Compt. rend. 22, 272) with 
sulphate of soda; according to Gannal (•/! chini inhl. 11, 3G7) with a 
solution of 1 lb. of nitre, 2 lb. common salt, and 2 lb. alum in 40 lb. 
water.—For animals to bo kept (or stulliiig, Gannal (J. ckiM. nidd, 20, 
53) uses sulphate of alumina mixed with an aqueous docoetion of Ahix 
Macartney keeps anatomical preparations in a solution of nitre 

and alum. 

Solutions of common salt, nitre, alnm, or sulphate of zinc afford but 
partial protection against the decomposition of anatomical preparations. 
In a solution of ferric sulphate, as recommended by Braconnot, they 
become covered with a yellow crust of basic ferric sulphate, which makes 
it difficult to recognise them; the liquid at tlio same time becomes deco¬ 
lorized, from foi'mation of ferrous salt. Corrosive sublimate decolorizes 
anatomical preparations, hardens them, and renders them undistinguish- 
able. The liquid best adapted to the purpose is a solution of 1 pt. 
bichloride of tin in 2(1 water, acidulated with a small quantity of hydro¬ 
chloric acid. In this solution, the different parts of the animal body pre¬ 
serve thoir peculiar consistence and aspect, excepting that tho muscular 
flesh becomes somewhat brownish. But preparations containing bones, 
mint first bo immersed for a while in water acidulated with hydrochloric 
acid, to dissolve out the lime-salts which would procipitato tho oxide of 
tin. Muscular flesh which has boon kept in the tin-solution docs not 
putrefy on subsequent exposure to tho air, but gradually dries up, 
(Tauffliob), 

Anatomical preparations and corpses freed from tho viscera, if mace¬ 
rated in a concentrated solution of corrosive sublimate, and thou oxposod 
to the air, dry up to an unalterable mass, in which the muscular flesh is 
almost as hard as wood. (Chaussior.)—Tho action of corrosive sublimate 
, depends upon its forming chemical compounds with fibrin and albumen, 
(Lassaigno.)—Ferric sulphate may perhaps save from putrefaction the 
finger of a child’s corpse, but not a whole body. An alcoholic solution of 
corrosive sublimate affords ooroplcto protection. (Doschamps, J. chim, 
mid. 5, 32.)—An alcohol solution of corrosive sublimate has much greater 
preserving power than the aqueous solution, becauso it penetrates the 
dermis and epidermis much more readily. When the aqueous solution 
is used, it is necessary to make numerous incisions in the skin, to fill 
the intestinal canal and the thoracic and abdominal cavities with tho 
saturated solution, and to take out tho brain, which will not keep in tho 
aqueous, but only in tho alcoholic solution. (Polletan, J. chim, mid, 
5, 54.) 

To preserve corpses for several years, Tranchina injects into tho aorta 
24 lb. of alcohol, through which is diffused a mixture of 1 lb. arsenious 
acid with 1-|- oz. red-lead or cinnabar in a state of minute division.— 
Corpses thus treated may give off arseniurotted hydrogen. (Hiinefeld, 
J, pr, Chem. 1(3, 155.) It is suflloient to boil from CO to 125 grammes of 
arsenious acid with 1600 grammes of water, and inject this solution with 
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some foreo, liy moans of a common cncnm-syringo, wliicli sliniild not 1)0 
greasy, into tlio carotid or crural artery, ami if tlio oorpao is to bo kept 
as long as possible, to repeat this operation twice nioro in tlio courao of a 
few liours. Tlio corpse tlins treated with arsenious acid gradniilly dries 
up, and, as no putrefaction takes iilaco, no arsoiiiurottod hydrogen can bo 
formed; tlio brain appears cpiito sound after tho lapse of several weeks. 
This injection likowiso servos for anatomical preparations, tho ninsclos 
remaining of a deep rod colour; bones and ligaments are also protoctod 
from the attacks of insects by dipping them into warm arsonioua acid. 
(Dujat, J. cliim. mdd. 10, 81.)—Gamial also uses arsonioua acid in largo 
quantities for ombalming corpses. (Moian, J. chim. mdd. 21, 045 and 
048; 22, 14 and 08.) 

Corpses freed from tho viscera may bo pro.sorved for a while by 
washing with chloride of liino, or sprinkling with a solution of creoaoto 
in wooa-vinognr. (Landcrer, Jieperl. .53, 405,) 

In place of tho spirit coininoiily imed for preserving auatomieiil pre¬ 
parations, Bobiero [Qompl. rend, ‘i‘2, 072) msiw a mixtiiro of 1 jit. wood- 
siiirit and 3 water; Gasnagn. (./. c/iim. mfd. 21), 55) the liquid obtiunod 
by distilling a mixture of cijual ])urts of brandy obtiiined from grain 
(British brandy) and oil of turpentine. 

Jacobson (f/amh. M(((/. 1833, Jan. 48) roenininemlH for anatomical 
preparations a s<du(imi of 1 pt. cdiromate of potuHh in 25(1 nts. water. 

Flesh immersed in treacle becomes nuimmy-liko and unaltorablo. 
(Maekenaio, lidivb. Jfed. and h'tirff. J. No. 1)0, 34.) 

Tannin likewise protects llesli from putrefaction. (J. Davy.) 

It is well known that corpses buried in very warm dry oartli, dry up 
to mummies without putrefying. 


5. DecompoaiUons by Chlorine, Jlromine, and Iodine, 

Chlorine docomposos organic compounds containing hydrogen chiefly 
by its strong aflinity for that element. It acts for tho most part ovon at 
ordinary tcnipornturcs; but tho action is greatly assisted oy light and 
heat. 

a. It withdraws hydrogen from many coiniioiiiids rich in that olonient, 
producing an evolution of boat which aoiiietinios rises to limy coiiibiistion, 
tho carbon being separated in tho form of linoly divided sootj in soiiio 
oases, tho action of light or of an olovatod teiiiperatiiro is required to 
induce the fiery dcconqio.sition. 

Marsh-gas mixed with chlorine at ordinary temperatiircH exhibits fiery 
explosion and doiiosiiion of soot; if a largo quantity of earlumio aoiil w 
likewise present, and tho aetiou tiicreby weakened, doeompoHitioii takos 
place quietly by substitution.—Olcfiaut gns mixed will) chlorine, is 
decomposed on tho apiiroach of a liglitQil taper, producing a rod flamo 
darkened by smoko,—A similar flame is produced on introducing a svax 
taper into chlorine gas.—Bubbles of chloriuo gas paRsml through alcidiol, 
heat it at first, and if tho vessel bo placotl in tho suiisliiiic, may also pro¬ 
duce fiery detonations and formation of soot, Ktlicr is afroclod by chhiriini 

in a similar manner..O.xido of oiicodylc biiriiH in chlorine ga.s even at 

ordinary tumporatiircs, with deposition of soot. 

h. Ill most caso.s, chlorine alistracls hydrognn from organic, compoiiiidu 
without production of fire; and when that is the case, there is no doposi- 
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tion of soot, bocauso all tlio cai-bon remains in tlio nltorcd conipouiul. 
This ( 1 ccom]) 03 ilion is likowiso favoured by light and heat. The hydio- 
chloi'io acid forniud in the reaction may then act on the organic compound 
in its own way. 

< 1 . Tlio organic coinponnd loses nil its hydrogen, and is resolved into 
a number of inorganio coin])onnd 3 .—Formic acid, C^lPO*, by taking np 2C1, 
is convevtod into 2 CO- and 2HC1. 

j). Or only a jiart of the hydrogen is romovod, and the chlorino does 
not outer into tho organic componnd.—Chlorino gas passed through 
alcohol dilutod with 2 parts of water, forms nothing but aldehyde and 
hydrochloric acid i 

amp +201 = c‘ii'02+aiici. 

Bonsioin, C'“'*II“0'*, is converted hy chlorino into benzoyl, C-“II"’0‘. 

7 , Or llio number of atoms of clilorine which outer into the compound 
i.s loss than tho munbor of atoms of hydrogon withdrawn.—Alcohol, 
CBPO'-*, by tlio action of 8C1, is ultimatoly convortod into chloral, 
CM-ICPO* and 5HC1. 

f. Or tho atoms of hydrogen -witlidrawn are replaced hy an e([nal 
mimlior of atoms of chlorine (p. 73). Thu following are additional 
oxamploH! Marsh gas, is convortod by 8 Cl—nrovided fiery decom¬ 
position ho iivovcutod—into chloride of carbon, C'^CPaiid 4IIC1.'—Chlorido 
of mothyl, C^fPOl, is convevtod hy ohlorino, in snnsliino, first intoC®IPCl“, 
then into CPIICI'', and lastly into C^CB.—1‘ltluir, C''ir,“(), is convortod hy 
tho continued action of chlorino, first into C'll'GlO, llicin into CUPCBO, 
and filially into C'‘C1'0.—Acetic acid, C'lPO*, is converted into olilor- 
aimtic neid’i C141Cl''0‘j hiityricacid, first into C“I1''C1“0‘, aflorwarila 

into viilorianic acid, into chlorovulcriiinio acid, 

C”"]F(Jh'()‘j saligoniii, CBPCB, first into C“I^C10^ then into C“I['’CB0‘, 
and liiHlly into C'lPCPO'i salicylous acid, into ehlorosalicyloiis 

acid, O'TPCIO* j salicylic acid, C'^IPO", into liichloroHiUicylio acid, 
C"li.T'l’0"; ciimiiiol, into ohlorocinuinol, C''*"1I'‘G10“. 

I. t)r the atoms of hydrogon withdrawn arc replaced hy a larger 
nmnlicr of atoms of chlorino.—Ololliuit gas, GUP mixed with 2 C 1 , 0011 - 
doiiHOH to an oil C'lPCBj but by tlio action of a. larger iiiiaiitity of chlorino 
in sunshine, it is transforniod into C''C1''.—Toluol, G'UP, exposed to the 
continual action of chlorino, aided by light, is converted into C'^PCl* 
(=CWIPC1»,HC1), then into CBPCB (= C‘'‘IPG1»,IPCP), and C'BPCP 
( 5 =C'* 1 PC 1 ‘’, 1 PCP). Ill most of those cnjjcs, it is jirohahlo that llic siih- 
stitution really takes place in ocjual numhors of atoms, hut that llio 
resulting oompouiid retains, in addition, oitber 2C1, or II and Cl in equal 
nnmbcrH of atoms (]ip. 71) 72). 

p. Or chlorino simply enters tlio organic componiid without olimiiia- 
tloii of liydroclilorio acid, so that it appears as tliongli ihn now suhstanco 
were sim|)ly a compound of the original siihstiinco with two or more 
atoms of chlorine. Olefiant gas, forms with 2 CI the oil of olefiant 
goSjCIBCP ( = 0*II"C1,IIC1).—Benzol,with (iCl, forms clilorohoiiziii, 
C'^IPCl" (=:C''’‘H''Cl‘',ir'CP),—Naplitlialin, C“IP, is convortod by <101 into 
C^tPCl* ^ = C“'IPCr'‘,ir'*CP). But when these tlirco clilorinc-pvodiicts arc 
treated with alcoholic solution of jiotasli, tho first loses 1 At,, tho second 
0 At., and tlio third 2 At. of hydrochloric acid; so that there remains a 
residue in which tho substitution has taken place in exact proportion, viz., 
C4PC1; C’lPCP; C“1-PCP. In some cases, Uiesamo ofl’oot Is produced hy 
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hont, liyclroclilorio acid escaping. Hence it is prolmblo tlml Uicsc prndnrls 
are not forinod diroclly by tlio combination of Urn organic Bubslaiwc wiUv 
chlorinoj but timt Uio olilorine, aa in former cases. disnUices a certain 
xmnibor of iiydrogcn-atoma in tlio Bubslanco, tUoao Uydropn-atoiim, btnv'. 
OYev not being removed from tlio sulistitntod conipouiuii but rcinauiing 
oxtormiUy attacbod to it, togotbor with an (uiunl nninbor of oliloriiui- 
atoins. Those oxtornal atoms of chlorine lunl liydrogen are iiorlmiw not 
united in tho form of liydrochlorio acid, but attached to the nueleuB at 
flifibront points; for tho alcoholic solution of tho abovo-moiitimiod chlorine- 
products doos not precipitate nitrate of silver. On treating tlio compound 
with potash, tho ohlorino and hydrogen are romoviul in the forms of 
oiilorido of potassium and of water, tho potash, however, exerting no 
action on the ohlorino in tho remaining ooinpound, C^IPCI, &c. I’rohahly, 
tUorofore, tho correct formulm of thoao compounds arc thoso wliicli niti 
above inclosed within brackots. It has already been obsorvod (pp. 20, 
•21), that Laurent, who formerly regarded tliis view as the riglit mie, has 
lately admitted the existonco of direct ohlorine-comjiminils, and tliereforc 
writes, for oxamplo, not hut C®'ll''(Ik. The ohservalioiiH 

just niado ajiply also to tlio chloriiio-compouiids of toluol mentioned 
Under c. In tho ehlorino-comjiomul C‘(!l“, funned from ('•Ml'', it must, 
howover, bo likowiao admittoil tliat 2 At. (Jl hayo attaehed tlieniselves to 
the substitution-product, C^Cl''. 

Kano (fV. Ann. Chim. Phy». 2, 1.02) supposes that the deal riielion of 
Jiiany vcgotnhlo colours, those of liclions, for example, hy elilorine, is due, 
not to tho abstraction or indirect oxidation of (heir liydrogen 1ml to ihn 
formation of a brown oom])omul by tho direct comhiimlion of llm eliloriiio 
with tho colouring matter. 


It is only in a few conpioimda Uiat chlorine is cn)mblc uf roidncing tho 
whole of tlio hydrogon. Many hydrogoii-alouis aiipoar to lie so plaecil in 
tho compound-atom, that tho altraotiou of tlio (illier atoms, especially of 
the oxygon-atoms, which liaro a strong alfinity for tlie hydrogen ami hut 
a feeble afliiiity for tlio oliloriuo, prevents the sulmtituiion. Tliis ciroum- 
etaucG may perhaps give an insight into tho probahlo rolalivo jiosition of 
the atoms. 

In some cases, chlorine exerts an indiroot oxidizing action hy tnhirig 
up tho liydrogou of tlio water which is jirtwent, and traiisreri'ing its 
oxygon, either to tlio entire organic com]icuml, or to its ciirliim and 
hydrogon. Tliis may porliiips oxjilaiii wliy so many compuunds arc not 
clocomposod by ohlorino wlioii water is eiiliVely excllidcil, 

Perfectly dry litniiis-iiajior lines not lose its l•lllollr in dry elilorimi 
gaa. —Chlorine, in jircseiico of wafer, acts upon imlige-lilnc, 
first traiisforring to it 2 At. of oxygen from the water, and coiiviirting it 
into isatin, C'^IPNO*, which is then immediately inuisfoniicd hy siihsti- 
tutioii, into chlorisiitiii, C'“II'*t;iNO‘, nml hlchlorisalin, 

Similarly, chlorine, in ytrosoiico of water, converts hiUnr almomi i,il 
Qiij-jnos into bonzoio acid, C"IPO‘, and cumiiml, into enminic 

acKl, C^'TJT'O*, hyilrooliloric acid hoing formed at the same lime _ 
Aqueous saligoiiiii, C"TP(P, is for tlm most part converted by chlorine 
into ch oropIioiiksicacid,C'“IP(JPO», 2 At. carlmii nppcariiig to Iwcvpellcl 
111 tlio lorm ol carbonic acid. 

On thc.so dccouijio.silioiiM and LraMsfiiriimliim'.- of most organic com- 
ponuds hy chlorine, diqioml.H its power of ileslroviiig many orgnnie 
ooloiiring matters, or Inrniiig them pnlo hrowii, and coiiMopieiitly il« 
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application in Woacliing; also its power of converting many colourless 
organiq^oonipounda, tlic alkaloiclsj for exainplo, into coloured compounds; 
and of removing or changing the smell of odoriferous organic compounds 
and destroying miasmata and contagious matters ; in consequence of this 
latter property, it is used for fumigation and washing, being, in fact, the 
most efficacious of all smell-destroying and anti-miasmatic agents. 

But few organic compounds withstand the action of chlorine; among 
those which do so, are succinic and mucic acid; tartaric acid also scarcely 
exhibits any sign of decomposition. 

Bromine acts in a. very similar manner to ehlorino, but lo.ss energeti¬ 
cally, because its affinity for hydrogen is not so great. ITenco only a 
few organic substances—alkarsin among the number—are set on fire by 
bromine at ordinary tomperaturos; and in many compounds it docs not 
replace so many atoms of liydrogen as ehlorino docs. But it forms many 
bromine-compounds corresponding to the ohlorino-coinpounds, part of tho 
hydrogen being replaced by broniiiio. 

Iodine acts in a precisely similar manner to chlorine and bromine; 
but its affinity for hydrogen being much loss, its decomposing action on 
organic compounds is likowiso much less powerful; bonco no organic com¬ 
pound appears to bo set on lire by it at ordinary teinporatiires, although 
it acts violently on many volatile oiks, producing groat ri.so of tempera¬ 
ture. Many compounds which arc decomposed by chlorine or bromine, 
either resist the action of iodine, or are very slowly attacked hy it; hence 
it is very slow in its action on vogotablo colours. Tho brown colouring 
which iodine imparts to many organic compounds, «. y., to paper, to tho 
epidermis, &o., proceeds from tho formation of hydriodons acid, Hl'k 

When bromine or iodine acts upon an organic compound in prosonoo 
of potash and water, it frequently yields hromnform, C^lIBr’, or iodo¬ 
form, Clip, besides other products. Tints, wood-spirit with potivsli and 
bromine, and citrate or malato of potash with bromino, yield bronioform. 
—Iodoform is produced by the action of iodino in prosonco of aqueous 
potash, upon wood-spirit, alcohol, sugar, gum, ])rotoin-compoiiuds, tfco. 

In other cases, bromine and iodino, in presonce of aquouus potash, 
act merely by indirect oxidation. In this inanncr they convert fusol-oil 
into valoriapio acid, and produce salicylous acid from salicin, and oil of 
bitter almonds from amygdalin. (fiomp. Ciihours, Millon and Lofort, 
Gompl, rend, 21, 814 and 828; 23, 220.) 


0. DecompoHlions hj Hilrio Add. 

Very few orgauio compounds, e. g., fumnrio, succinic, ouchronio, 
valorianio, suborio,pyromucio and camphoric acid, jiariiffin and hntcliottin, 
withstand tho action of nitric aciil; in other organic coinpouiuls, this acid 
produces changes of various kinds. 

a, SiihUiltUion .—One or more atoms of H arc replaced by an equal 
number of atoms of N0‘ or X (p. 73). Concontratocl nitric acbl is tho 
best for this roaction; it tmist, however, bo froo from nitrous acid, wliicli 
oven oxidizes carbon. Tho trniisforiimtioii soinotimos takes place at 
ordinary temporatnros, and is attondod with evolution of heat, ns with 
cinnamic acid; sometimes a boiling boat is required; it is not attondod 
with evolution of gas. 
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h. Oxidation of the Organic Oompoundy without dfcomposUion.-^ 
A-klchyde, beated with nitric acid, is converted into acetic acid, 

C'‘H*0*; cacodyl, C‘H“As, into oxide of cacodyl, C*H®AsO, and altorwarda 
into cacodylic acid, C^H“AsO'‘; bitter almond oil, C''‘I'I‘’0^, into bonzoio 
acid, and ccnantbol, into ocnanthylic acid, 

cuminol, is converted, by slow addition of strong nitric acid, into 

enminio acid, camphor, by long boiling with strong 

nitric acid, into camphoric acid, and indigo, C‘“H''NO’, by 

heating with dilute nitric acid, into isatin, C'“H‘NOb The organic com¬ 
pound is thus brought to a higher state of oxidation: thus, the benzoic acid 
first formed from bitter almond oil, is converted into nitrobenzene acid. 

e. Nitric acid converts 1 or 2 At. H of the compound into water, 
without substitution. Thus, it converts indigo-whito, C'PPNO’, into 
indigo-blue, C'^I-PNO®; alloxantin, C^HoN’O'", into alloxan, C^I-PN^O"’; 
similarly, alcohol, C'^FPO-, into aldehyde, G^IPO”; fusel-oil, C‘“li'°0“, into 
valeral, borneol, into common camphor, 

benzoin, into benzyl, 

d. The nitric acid abstracts hydrogen, and transfers oxygon to the 
organic compouml.— Of this nature is the conversion of wood-spirit, 
C“PPO’, into formic acid, C^lPO^j of alcohol into acetic acid; ami probably 
also the resiuizing of many volatile oils by nitric acid. 

e. Most organic compounds are more completely dccomposod by nitric 
acid, the oxygen of the acid abstracting from them carbon as well ns 
hydrogen, and forming therewith carbonic noid and water.—This decom¬ 
position tnke.s placo with greater rapidity in proportion as tho acid is 
hotter and more concentrated, and contains a greater quantity of hypo- 
nitric acid, doubtless because tho greater aflinity of water for nitric acid, 
holds its constituents more firmly together.—Many compounds, such ns 
succinic acid and urea, resist tho action of puro nitric acid, but aro 
decomposed by that acid when it contains hyponitric acid, carbonic acid 
being evolved. Other compounds aro, indeed, decomposed by nitric acid 
free from hyponitrio, but very slowly at first; but since this action is 
attended with the formation of nitric oxido, which converts a portion of 
tho nitric acid into hyponitrio (II., 383), and tho quantity of tho latter 
goes on continually increasing, tho decomposition may sometimes hecomo 
very violent. This may ho avoided, in many cases, by adding to tho 
mixture nitrate of urea (Milieu), on which tho hyponitric acid, as it is 
produced, exclusively acts; and inasmuch ns this reaction yields no riitrio 
oxide, but only nitrogen and carbonic acid, tho liquid is thoroby main¬ 
tained perfectly free from hyponitrio acid. 

Those organic compounds which aro comparatively rich in oxygon, 
such as sugar and many of the acids, are, for the most part, move quickly 
decomposed by nitric acid than those which contain less oxygon or none, 
because the oxygon already present in them assists in tho lovmntion of 
carbonic acid and water. On the other hnud, solid fats, rosins, many 
camphors and certain volatile oils, are but slowly decomposed. But on 
many volatile oils and on fixed oils, concentrated nitric acid, especially 
if it bo fuming and mixed with oil of vitriol, exerts so rapid a decom¬ 
posing action, that tho evolution of heat, attending on tho formation of 
water and carbonic acid, is often so groat ns to produce vivid com¬ 
bustion. 

As tho nitric acid in this oxidizing action loses oxygen, it is partly 
converted into nitric oxido and nitrogen wliicli esenpo, ami partly gives 
up its nitrogon to tho constituents of tho organic matter, forming with 



tho hydrogcnj auiTiionia, ■whujli roinains in tiie resiauo ns nitrate oi 
ainnionitu or somo other imnnoiiiacal salt, and with tho carbon and bydro- 
gon, bydrocyanic n.cid, wbicli goes ofT in vapour. 

Ammonia is tliorcforo not tho only product formed by the decom¬ 
position of nitrogenous substances, many conipouiuhs froo from nitrogen 
i)oing in fact obtained at tho same time. Resin, sugar, pliloridzin, humic 
acid, and cliarcoal, treated with nitric acid, often yiohl crouato or apocro- 
nato of annnouia. (Mtddoi’, J. pr. Cham. ;13, 3<ir).)—Tlio li(iuid obtained 
in tho docoinposition of oil of tnrpcntino or juniper by dilute nitric acid 
yic'lda on evaporation, (juadroxalato of aniinonia. (Rabourdin, JV. J. 
J'harm. (5, 187.) 

Ihjdrnojanio acid appears to bo produced in tiio di.stlllation of most 
organio suhstanccs with nitrio acid, and ha.s been obtained by tho appli¬ 
cation of this troatmont to tlio scrum of blood, sugar, gnim, starch, alco- 
liol, volatilo oils, resins, fats, vcgotnblo acids, &.a. {vid. Formulion of 
(ii/anoi/oi). According to Soln'cro, tho formation of hydrocyanic acid is 
conucctod with that of ammonia. 

Ah tho organio compound loses a considcrahlo portion of its carbon 
and liyilrogcn by tlio formation of carbonic, acid and water, it becomes 
continually richor in oxygon, and is transformed from a compound of a 
higher order containing a proportionally larger number of atoms of 
carbon and hydrogen, into ono or more compoundH ol lower order. 

If tho action of tho nitric acid bo continued, tho final products aro 
gcnorally oxalic acid, C“I10‘, or CRr-O", acetic acid, C*II'0‘, and formic 
add, CRI'-Oh Tim two latter, being vidatilo, aro withdrawn from the 
fuvilmr action of tlio nitric, acid; Imt tlio oxalic acid, wliich remains 
lidiind, is at longUi, by tlio fiirthor addition of oxygon from tho nitrio 
add, coiiiidotely resolved into carbonic acid and water. 'L’ho formation 
of oxalic acid is usually preceded hjy tliat of saceliario (OTPO® or 
but tills, by coutiiiiiod action of tho nitrio acid, is easily 
convorteil into oxiilio aoid. 

In this niannor, tho following siilistances, wlieii treated with nitrio 
add, yield oxalio add uh their (Inal organio prndnet of decomposition, 
generally iiHsedated with formic and ae.otie acid: Alcoliol, laotio aohl, 
tartaric, malic, kiiiio, taiinio, gallic, and mcconio aeid,—many volatilo oils 
ami rosins,—sugar, gum, Htarcli, woody llbrc, iudlgo,_&c. 

In Honio organic compoiimls, however, tlio siilitling of tlio niioloi and 
tho aliBtraction of carlxm does not go so fur as to loavo oxalio acid as tho 
final product; but products aro formed, wliidi contain more than 4 At. 
carbon, and do not further givo off carbon, but aro often capable of 
taking up NtP liy siiliatitution. 

Tims Htcaric achl when Buhjected to the centimied aelion of nitric aoid 
nlliinalely yields siicdiiio add) CTPO", and suheric add, G'“irT)", wliioli 
umlergo no further cliiiiige. ('iiiiiainie aeid, C'"ir()l distilloil witli nitrio 
adil hmes it! and 2110, and yields hitter almond oil, G'RI O“, wliich, hv tho 
fiirlhor aelion of nitric aeid, is converted, first into bon/.oie add, C'*IFO*, 
ami then into nltro-henzoie add, CIlAXOb Himilarly, Baligeiiia, C'*IPO*, 
dislilleil with coneoiitralod nitric add, is converted, with formation of _car- 
boiiifl acid, into picric add, Aiiisid, treated continu- 

oiwly, first with weak and afterwards witli stronger nitric, acid, is ooii- 
verled, first into hydranisyl, (.’"'IPO'*, then into anisio aeid, C‘“IPO'', and 
lastly, into nitranisic acid, C'IPXO®.—Many organic mixtiircs, such as 
extract of logwood or fustic, fetid gimi-resins, i^c., when lioilod for a long 
timo with nitrio aoid, yiohl styphnio acid, C''’‘IPX”Ol—Tlio foniiatlou of 


Hatcliett’s nltrogeulzcd artificial tannin (a substanco decoinposible into 
several compounds of lower orders) wliicli is produced by boiling indigo, 
various resins, coal or charcoal, with dilute nitric acid, and resonibles truo 
tannin in its power of precipitating gelatin,—appears likewise to depend 
upon tho abstraction of part of the carbon and hydrogen contained 
in these compounds, and the introduction of NO* by substitution.-—A 
similar action probably takes place in tlio formation of tho jrollow bitter 
matter [jaune amer), which is produced by treating various animal 
substances with nitric acid, and is related to picric acid, 

Lastly, the resinous masses obtained by treating many volatile oils and 
resins with nitric acid are probably formed in a similar manner. 


7. Decompositions by the Acids of Qhlorine. 

These acid.s destroy most organic compounds, sometimes by imparting 
oxygen to them and giving rise to the evolution of chlorine and carbonic 
acid, and in the case of nitrogenous bodies, like urea, uric acid, and tho 
alkaloids, also of nitrogen .and chloride of nitrogen,—sometimes by giving 
both oxygen and chlorine to tlic organic compound. 

Thus IJypoc/tlorous acid with alcohol forms acetic acid and the oil of 
olefiant gas. (Balard.)—Hypochlorite of limo distilled with alcohol yields 
chloroform.—Hypoclilorons acid and its salts exert a powerful destroying 
action on colouring and odoriferous matters.—C'/ifor/c oxide gas, evolved 
from olilorato of potash by oil of vitriol, sets fire to alcohol placed in a 
layer above tho mixture.-—When organic compounds aro placed in 
contact with a mixture of chlorate of potash and concontratod hydrochloric 
acid, they arc changed in tho saraomannor as if chlorine and oxygen wore 
to act upon them simultaneously. Thus creosote is converted into 
ohloranil: 

c'ni«02 1 ocu 20 = c’^ci'o' oiici. 

Similarly, anthranilio acid into chloranil: 

C't-FNO' -I- 8C1 -I- 40 = 2CO» h-NH» -i- 4HC1 -i- C’SCI'O'. 

Concentrated Chloric acid, or a piece of papot saturated with it, sots fire 
to alcohol and ctlior. It destroys most organic compounds, but is much 
slower in its bleaciiing action than chlorino or Iiypochlorous aold. Paper 
hold in the vapour of boiling ])crchlonc acid takes fire; hut this acid who7i 
distilled with alcohol, acts like oil of vitriol, producing water and other, 
without itself undergoing decomposition. 


8. DecomposUions by Iodic Acid, 

The deflagration of organic substances by heating tliem with diy 
iodic acid has already boon mentioned (p. 86). 

Aqueous iodic acid exerts no action on many substances even at 100°; 
e.g., on fats, v'olatile oils, resins,.and other substances insoluble in watci-, 
also on acetic acid, butyrio acid, camphoric acid, urea, gelatin, or the 
crystalline lens of the eye. (Millon.) 

a. Many organic compounds arc raised by iodic acid to a higher 
degree of_oxidation, iodine being sot free. Thus it converts fusel-oil 
into valerianic acid, and oil of bitter almonds into benzoic acid, (Millon.) 
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separation of iodine.—At ordinary temperatures, this decomposition takes 
place very slowly, and occupies several days; it is accoleratod by the 
presence of spoigy platinum or by the action of light; still more by rise 
of temperature. With many substances, however, complete decom¬ 
position does not take place till after several hours’ boiling with excess 
of iodic acid. Ultimately, as much carbonic acid is obtained in this 
manner, as if the organic compound had been burned with oxide of coppor. 

With most substances decomposition is prevented, oven at 100 ’’, by the 
addition of a trace of hydrocyanic acid (ferrocyanide or forricyanido of 
potassium does not prevent it). Such is the case with oxalic, formic, 
lactic, tartaric, citric, nmclc and mccimic acid; also witli milk-sugar, 
common sugar, grape-sugar, dextrin, starch, gum and salicin ; among 
these substances, tartaric acid, citric acid, milk-sugar, salicin, and espe- 
cially grape-sugar, resist decomposition for the longest time. Other 
compounds which oxidate very rapidly are completely decomposed by 
iodic acid, oven when hydrocyanic acid is added. Thus: Creosote, gallic . 
acid, tannic acid, morphine, alhumen, fibrin and gum. (Millon.) 

c. Acetone forms with iodic acid an oily product without separation 
of iodino. 

Comp. Millun {N. Ann. Chim. Phys, 13, f)?; abstr. Compl. raid. 19, 270). 
l^eriodic acid acts in a similar manner to iodic acid (II., 2G0). 


0 . JOecomposUions by Chromic yieid. 

This acid gives up oxygen to many organic compounds, and is therehy 
reduced to chromic oxide, or if a mineral acid be present, to a chromic salt. 

а. Dry chromic acid instantly sets fire to many organic compounds, 
at ordinary or at slightly clovatoil temperatures (p. 8 C). 

Several alkaloids, viz., nicotine, coniine, aniline, chloranilino and 
Icucol, take fire in contact with chromic acid, oven at ordinary tompo- 
raturos; others, such as sinapolinc, tluosinnamino, naphthalidam, cin¬ 
chonine and narcotinc, only when they have previously boon sliglitly 
heated. Oil of mustard, benzol, nitrobenzide, creosote, &c., do not take 
fire even when heated. The heat evolved in the combination of the- 
chromic acid with the alkaloids probably helps to sot them on fire. 
(A. W. Hofmann, Ann. 1‘harm. 47, 85.)—Alcohol, ether, and oinantbol 
also lake fire when dropped upon crystallized chromic acid. 

б . Aqueous chromic acid or a mixture of monochroinato or bichro¬ 
mate of potash and dilute sulphuric acid acts on tlio organic compounds 
in one of tho following ways: 

a. Brings it to a higher degree of oxidation, 

/3. Or withdraws part of its hydrogen. 

7 . Or withdraws the hydrogen and puts oxygon in its place. 

k Or forms water and carbonic acid, and thereby gives rise to the. 
formation of organic compounds of lower order. 

Examples of a •. Stilbene, C“H'’ is converted by addition of 40 
from the chromic acid into 2 At. of bitter almond oil=2C^‘H“0''*, which 
may then by further oxidation be converted into benzoic acid; Q-fnanthol, 
o'‘k“o», is converted into oanaiithylic acid; and indigo-blue into isntin. 

Of p : Saligenin, 0“H®0*, is transformed into salicyloua acid, C“H“0'‘; 
and fusel-oil, apparently into .valeral, 
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Of 7 : Toluol, C“H®, is converted with difRoiilty into benzoic acid, 
Cujjoo*; fuscl-oil, easiljr into valerianic acid, 

Of S : Tartaric acid, the various kinds of sugar, phloridzin, &c., aro 
converted, by distillation with sulphuric acid and ohroinato of potash, 
into water, carbonic acid, formic acid, &.C. 

*11 Albumen, fibrin, casein, and gelatin treated with bichromato of 
potash and dilute sulphuric acid, yield a distillate partly acid and partly 
neutral. The neutral products consist of propionic aldido, and 

valero-nitrile, C^“H'’N; the acid products are hydrocyanic, formic, acetic, 
butyric, valerianic and benzoic acid. (Guokolborger, Ann, Pkarm. 64, 30; 
comp. p. 131.) IT 

Vanadic acid behaves like chromic acid, being reduced to vanadio 
oxide;— e. g., by alcohol, oxalic acid, tartaric acid, citric acid, and sugar, 

Permanganate of Potash acts like chromate of potash. With solution 
of sugar it forms oxalato of potash, {comp. IV., 237.) 


10. Decompositions hg Sulphuric Acid. 

A. Bg Concentrated Sulphuric Acid, 

The anhydrous acid acts most powerfully; the fuming acid loss, and 
common oil of vitriol still loss strongly. The first notion of tho acid is 
to dissolve the organic ooinpouiids, most of thorn, at least, considcrablo 
rise of temperature taking place at tho same time. Subsotjucnlly, tho 
sulphuric acid, especially if heat bo applied, may produce tho following 
changes in tho compounds, oven if they aro not dissolved: 

а. It brings tho organic compound into a peculiar Isomorio state. 
—Anise-camphor is converted by oil of vitriol into anisoin. 

б . By virtue of its predisposing aflinity for water it abstracts hydrogon 
and oxygen from tho compound in equal numbers of atoms, and either 
leaves a compound comparatively richer in carbon, or causes tho residue 
of the compound left after this abstraction to split up into several now 
compounds. 

Pepponnint-caniphor, C“li’''0’, is resolved into monthono, and 

2 HO. Oil of vitriol, acting in comparatively small quantity, converts 
alcohol, C‘H“0“, into other, &JPO ana HO; in largor quantity, it trans¬ 
forms the alcohol into olefiant gas, CHI', and 2HO..—It converts fuscl-oil, 
C'“H“0^, into amyleno, C'”ll’“, part of it, howovor, boing further docom- 
posod,—Formic acid, CHPO', treated with oil of vitriol is resolved into 
2C0 and 2HO, and oxalic acid, C'lPO®, into 200, 200’ aud 2110.— 
When imabenzil, 0“H"N0’, is dissolved in oil of vitriol, it gives up 2HO 
to the latter; for water subsequently added to tho solution throws down 
benzilam, C’SH’N. 

c. In nitrogenous compounds, it induces by its predisposing aflinity 
tho formation of ammonia.—This formation of ammonia talcos ])laco with 
peculiar facility in compounds which contain nitrogen in tho form of 
ainidogen. Oxatnido heated with oil of vitriol is resolved into sulj)lmto 
of ammonia, c.arbonic oxide, and carbonic acid; uric acid into sulpluito 
of ammonia, carbonic oxide, carbonic acid, and sulijhnroiis acid. 

d. It gives up its third atom of oxygen to 1 At. hydrogen of tho 
compound, and enters that compound in tho form of sulphurous acid. 



6 . Other organic compounds are decomposed by iodic acid, for the 
most part completely, yielding carbonic acid and water, likewise with 
separation of iodine.—At ordinary temperatures, this decomposition takes 
place very slowly, and occupies several days; it is accelerated by the 
presence of .spongy platinum or by the action of light; still more by rise ' 
of temperature. With many substances, however, complete decom¬ 
position does not take place till after several hours’ boiling with o.'cccss 
of iodio acid. Ultimately, as much carbonic acid is obtained in this 
manner, as if the organic compound had been burned with o-xido of copper. 

With most substances decomposition is pievonted, even at 100^, by the 
addition of a trace of hydrocyanic acid (forrocyanide or ferricyanide of 
potassium does not prevent it). Such is the case with oxalic, f.irinic, 
lactic, tartaric, citric, mucic and meconic acid; also with milk-sugar, 
common sugar, grape-sugar, de.xtrin, starch, gum and salicin; among 
those substances, tartaric acid, citric acid, milk-sugar, salicin, and espe¬ 
cially grape-sugar, resist decomposition for the longest time. Other 
compounds which oxidate very rapidly arc completely decomposed by 
iodic acid, even when hydrocyanic acid is added. Thus: Creosote, gallic . 
acid, tannic acid, morphine, albumen, (ibriii and gum. (Millon.) 

c. Acetone forms with iodic acid an oily product without separation 
of iodine. 

Comp. Millon (M Ann. Chim. Phys. 13, 57; nbstr. Conipt. rend. 19, 270). 

JHeriodic acid acts in a similar manner to iodic acid (II., 200). 

0. Decompositions hy Chromic Acid. 

This acid gives up oxygen to many organic compounds, and is thereby 
reduced to chromic oxide, or if a mineral acid be present, to a chromic salt. 

а. Dry chromic acid instantly sets fire to many organic compounds,. 
at ordinary or at slightly elevated temperatures (p. 86). 

Several alkaloids, viz., nicotine, coniine, aniline, chloranilino and 
leuool, take fire in contact with chromic acid, even at ordinary tompe- 
raturesj others, such as sinapoline, thiosinnamine, naphthalidam, cin- 
choniuo and narcotine, only when they have previously been slightly 
heated. Oil of mustard, benzol, niti-obcnzido, creosote, &c., do not take 
fire even when heated. The heat evolved in the combination of the- 
cbroniio acid with the alkaloids pi-obably helps to sot them on fire. 
(A. W. Hofmann, Ann. Dharni. 47, 85.)—Alcohol, ether, and cunanthol 
also take fire when dropped upon crystallized chromic acid. 

б . Aqueous chromic acid or a mixture of monoohromato or bichro¬ 
mate of potash and dilute sulphuric acid acts on tho organic compounds 
in one of the following ways: 

a. Brings it to a higher degree of oxidation. 

p. Or withdraws part of its hydrogen. 

ly. Or withdraws the hydrogen and puts oxygen in its place. 

£. Or forms water and carbonic acid, and thereby gives rise to the 
formation of organic compounds of lower order. 

Examples of a-. Stilbene, is converted by addition of 40 

from the chromic acid into 2 At. of bitter almond oil=:2C'‘H“0'*, which 
may then by further oxidation be converted into benzoic acid; Chnanthol, 
is converted into oenauthylic acid; and indigo-bluo into isatin. 

Of /3 : Saligenln, is transformed into salicylous acid, 

and fusel-oil, apparently into.valeral, C*°H“C)’. 
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Of I'l ; Toluol, is converted with difficulty into benzoic acid, 

fusel-oil, C“I-P'‘0’, easily into valerianic acid, 

Of i : Tartaric acid, the various kinds of sugar, pliloridzin, &o., are 
converted, by distillation with sulphuric acid and chromate of potash, 
into water, carbonic acid, formic acid, &c. 

IT Albumen, fibrin, casein, and gelatin treated with bichromate of 
potash and dilute sulphuric acid, yield a distillate partly acid and partly 
neutral. The neutral products consist of propionic aldido, and 

valcro-nitrile, C“H''N; the acid products are hydrocyanic, formic, acetic, 
butyric, valerianic and benzoic acid. (Guckclborger, Ann. Pharm. 64, 39; 
comp. p. 131.) 11 

VanacUc acid behaves like chromic acid, being reduced to vanadic 
oxide;— e. g., by alcohol, oxalic acid, tartaric acid, citric acid, and sugar. 

Pei'manganaic of Potash acts like chromate of potash. With solution 
of sugar it forms oxalate of potash, (corn}). IV., 237.) 


10 . Decmiipositions hy Sulphuric Acid. 

A. By OoneenlratedSulphuric Acid. 

The anhydrous acid acts most powerfully; the fuming acid leas, and- 
conunou oil of vitriol still leas strongly. The first action of the acid Is 
to dissolve the organic compounds, most of them, at least, considerable 
rise of tenipcraturo taking place at the same time. Subsequently, the 
sulphuric acid, especially if heat bo applied, may produce tl»e following 
changes in the compounds, even if they are not dissolved; 

a. It brings the organic compound into a peculiar isomeric state. 

.—Anise-camphor is converted by oil of vitriol into anisoin. 

b. By virtue of its predisposing affinity for water it abstracts hydrogen 
and oxygen from the compound in equal numbers of atoms, and cither 
leaves a compound comparatively richer in carbon, or causes the residue 
of the compound left after this abstraction to split up into several new 
compounds, 

Feppcrmint-camphor, is resolved into mentbene, and 

2HO. Oil of vitriol, acting in comparatively small quantity, converts 
alcohol, into ether, C'‘H'0 and HO; in larger qu.antity, it trans¬ 

forms the alcohol into olefiant gas, C*H*, and 2HO.—It converts fnsel-oil, 
C'^H'^O*, into amylene, part of it, however, being further decom¬ 

posed.—Pormio acid, CTPO*, treated with oil of vitriol is resolved into 
2 GO and 2HO, and oxalic acid, C*H®0®, into 2CO, 2CO® and 2110.—■ 
When imabenzil, C“H'‘N0’, is dissolved in oil of vitriol, it gives up 2HO 
to the latter; for water subsequently added to the solution throws down 
benzilam, C*®H®N. 

e. In nitrogenous compounds, it induces by its predisposing affinity 
the formation of .ammonia.—This formation of ammonia takes place with 
peculiar facility hi compounds which contain nitrogen in the form of 
aniidogeii. Oxamide heated with oil of vitriol is resolved into sulphate 
of ammoni.a, carbonic oxide, and carbonic acid; uric acid into sulpliato 
of ammonia, carbonic oxide, carbonic acid, and sulphurous acid. 

d. It gives up its third atom of oxygen to 1 At. hydrogen of tho 
compound, and enters that compound in tho form of sulphurous acid. 
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wliilo tlie water rroducod by tlio dectinii.oHitieii is Kqiaiatod—(Suljstitu. 

tioii; p. 74); Sulphoboiizido. 

e. With many organic couipmiudH Hnlpiuino acid iinitoH and forma 
various kinds of copulaicd sii/p/iuric (iniln, </. i'.; tint coiubinatiou being 
often attended with soiiaratioii of water, 

/. Tlie oxygen of tlio Hiilpliurie acnl net only forms \yater with tlio 
hydrogen of the orgaiiio comimimd, hut likowise ciirlnmic m-.iil luul carbonic 
oxide with its carbon. A large proptirtion of tlie milpliuric. iicid is thereby 
partly converted into Bulplmrons acid, lunl imrtly oven reduced to the 
state of sulphur.—The orgaiiio (•.omponmlj whelher it di.Hs„lvf.H in the oil 
of vitriol or not, frciiiiently assumes at first a deep red, mungc-yellow, 
violet or other colmir; wliieli, liowever. if the iicliim of the iieid be con- 
tinned, is converted into brown and blneU. Tlie volatile deeiiinpomtioii- 
prodaots, aiioh as forinio acid, aeetie acid, iimj fnriiind, often prediicod 
from the orgaiiio oomponiid, pass oil' together with the mixture of carhenio 
acid, carbonic oxide, and siilpliiinnis neid gim. The ri‘sidne genorully 
contains at first a blaok resin, wlllt wliieli siilplmrir ucid is intinmtely 
combined; also a brown matter wbieh l.s soluble in water nml in iilcoliol, 
likewise contains sulpburie acid, and, on ueeouiil of its proptudy of jiro- 
oipitaling gelatin, is called mlpluiti’ ot urtiitrltii htnniii; ofieii likewise a 
mouldy substance, and Hiilpliiirie aeid eouided with an orgaiiie rompainul. 
If the actiim of tlie acid bo still fun her cntimied, snlplmr is afLen 
sublimed, and the siilaslances jiial mentioned jmile into a hody calluil 
sulphaie of carbon (Uchwcfrlmiire Kultlr), which is iiisoinblo ladli m water 
and in alcohol—likewise ciaitains siilpliurie uei>!, or some idlier farm of 
sulidiiir, so intimately conihiiicd that it eaiiiiot be extriieled by alkalis— 
and is, moreover, dislingnislied from line elnireonl by eoniaiiiing a ransi- 
dorable amount of liydrogcn and oxygen. ll_ appears, tlien, tlnil most 
organic coinpoimds are clinrretl by Hul|ilinrie neiil. 

CaiiQ-HUgai') inilk-Hiigar, grupe'Siigitr, stiiirh, laelie arid, (aviaric acid, 
and citric acid, heated with excess uf nil of vitriol, heeome gnulually 
cliarrod, at first giving oil’ pure eiirlmiiin oxido gii'i; mol it is only at a 
later stage of tlic proc.cMH--~tlie heat being contiinied—that this gas 
becomes mixed with carbauic. acid and milphiiriniti acid; so lliat ilia car¬ 
bonic oxide ajipcars to bo formed, not from llm oxygen of the siilphurio 
acid, but from tliat of the organic eomjMiinid, in eonsei|neurn of tlio 
doooinposltion caiisod by llio fornmtion of water. 'I’liis snpposiiiun is 
corroborated by the fact Uml comptnnida cunsisliiig wholly of rarlam luid 
hydrogen, are canahlo of yielding large <|innililie« of carhonic iicld, but 
no carbonic oxide.—FaU, most volulile oils, reniiiM, stearin acid, nloio 
acid, &o., treated with oil of vitriol, form-'-wiih nvolulion of lioiit—a 
coloured mixture, wliioli oliars when further lieiiled, giving idrsiilpliiirous 
aoldj oarbonie neid, and frcuunnlly nisi* fnrniie aeiil. tin llin contrary, 
many volatile oils, suoli as rneU-oil, and volatile aei<l«, c.;/., oaproio, 
valerianic, and Inityrio acid, imwi olf for the *in>«t part, undcromposod, 
when heated with oil of vitriol,--‘Acotic acid eMrapen tlecompONiiiou com- 
pletoly, inasmuch as it volaCiliKos when Iientml. 

6 Peculiarly romarkahlo is the produclimi of formic acid iiml fiirfiirol 
nd of volatile oil) which distil over when saw iliisl, Imtn, (lour, 
Btaroh, or sugar is heated with a niixluro of eipml volume# of oil of 
vitriol and water till it begins to elmr. 

Very tew organic componmls remnit* inuli!c«impowsl xviicn treated 
with oil of vitriol, eapeoially at a boiling lienl; smdi, liowovor, is the case 
with mellitlo acid. 


B. Action oj Dilute Sulphunc Acid. 

Certain otlier of tlie stronger acids often exhibit tbe same action. 

a. In sonio cases, the dilute acid, from some unknown causes, induces 
the organic compound, at a boiling boat, to take hydrogen and oxygen in 
equal nuiubora of atoms from tho water, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, aro converted into grape-sugar. 

b. In other cases, on tho contrary, it withdraws hydrogen and oxygen 

from tho comjiouud, in equal numbers of atoms.—Saligonin, is 

thus converted into saliretin, and 2HO. Saligonin uiiclorgoos the 

same decomposition when boated joer se above 150“. 

c. In amidogen-compounds, it induoos, by predisposing affinity, tho 
formation of ammonia and decomposition of water, tho oxygon of which 
passes over to the organic compound.—Oxamido, C‘ri'N-0'', is resolved 
with decomposition of 4HO, into oxalic acid, C‘I-PO®, and 2]SfI'P; as 2 ia- 
ragin, C^IPN^O®, witli 2lIO, into asirartic acid, C^irNO" and NI-P.—. 
These transformations aro likowiso produced by water alono; hut only 
at a strong boat, such as can bo iinjuirtod to the water in scaled glass 
tubes. 

d. Boiling dilnto sulphuric acid somothnos, though rarely, oansoa an 

evolution of carbonic n.cul, forinod from tho oxygon of tho organic omn- 
pouiul.—Thus, moconio acid. boiled with dilute Buli)burio or 

liydrochlorio acid, givoa off 2CO’, and is converted into comonio acid, 

e. Grape-sugar, boiled for a. long time with very dilute sirljihuric acid, 
is converted into a mouldy substance and a small quantity of formic 
acid. 


11 . Decompositions hy Dhosplionc Acid. 

Anhydrous phosiihorio acid acts, by virtue of its wator-forming 
power, like concontratod sulphuric aoid; but tlio decomposition wliich it 
causes is much loss profound, partly becanso it lias loss alllnity for water 
and ammonia, and partly licoanso it retains its oxygon nmoh more lona- 
oionsly. It is tlioroforo spocially adapitod for (loconijmsitions in wbicb it 
is dosirod to abstract water witbont producing any strongor action. 

By distillation with anhydrous jibosjihurio acid, wliioh takes ui> 2 At. 
HO, alcohol, C'II‘’0“, is converted into ololiant giis, C'll* (a ooucontratod 
solution of phosiihorio acid likowiso forms with alcohol a certain quantity 
of other); fusel-oil, into amylono, C*'’!!"', aud polymorio com¬ 
pounds of tho same; camphor, C“*’II'‘'0’, into camplionc, bornool, 

C“I-P®0“, into bornoono, ; pcpporuiint-cannihor, G“IP‘’0’, into 

monthono, C“‘'I-I'“; othal, into cotono, C“’II.”^ But oil of bitter 

almonds, oil of ehmamou, and aniso-ciuuplior, do not sufl’or this dooompo- 
sition into water and a hydrocarbon, when hoatod with anhydrous plios- 
jilioric acid.—Oxalic acid hoatod ■with concontratod phosphorio noid is 
decomposed in tlio same manuor as witli oil of vitriol. Cortain coiii- 
poiiiids, as ahlohydo, camphoric acid, and oonaiithol, aro oven blacikoiiod 
by jiliospliorio acid. 

I’liosiihorio acid likowiso transfonns cortain compoumls into others 
isomorio witli thoin, ami forms a fuw Qo^mliUed J‘/iosp/ionc acids {<i. tu). 
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tion, p. 74)j e. ji,, Sulphobouiskle. 

e. With many organic compounds sulphuric ncicl unites and forms 
various hinds of copulated sulphuric acids, q. v.j tlic combination being 
often attended with separation of water. 

/. Tlie oxygen of the sulphuric acid not only forms water with the 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide with its carbon. A large proportion of the sulphuric acid i.s thereby 
partly convei'ted into sulphurous acid, and partly even reduced to the 
state of suli)hur.—The organic compound, wlietlior it di.ssolvcs in the oil 
of vitriol or not, frccfUently a-ssumes at first a deep red, orange-yellow, 
violet or other colour; which, however, if the action of the acid bo con¬ 
tinued, is converted into brown and black. The volatile dccoinpositioti- 
products, such as formic acid, acetic acid, and Jurfiirol, often produced 
from tbo organic compound, pass oil' together with the mixture of carbonic 
acid, carbonic oxide, and sulplinrous acid gas. Tlio residue generally 
contains at first a black resin, with which aul[)lmvic acid is intimately 
combined; also a brown m.atter wliich is soluble in water and in alcoliol, 
likewise contains sulphuric acid, and, on account of its property of pre¬ 
cipitating gelatin, is called sulphate of arlifeial tannin; often likewise a 
mouldy substance, and sulphuric acid cou])lcd witli an organic compound. 
If tho action of tlio acid bo still further continued, sulphur is often 
sublimed, and the substances just mentioned unite into a hocljy called 
sulphate of carbon (Schwefel saute Kohle), wliich is iiisolnhlo both in water 
and in alcoliol—lihewiso contains sulphuric acid, or some other form of 
sulphur, so Intimately combined that it cannot ho oxtraotod by alkalis— 
and is, moreover, distinguished from true charcoal by coiitaiiiiiig a consi- 
dorahlo amount of hydrogen and oxygon. It appears, then, that most 
organic compounds aro charred by sulphuric acid. 

Cane-sugar, milk-sugar, grape-sugar, starch, luetic acid, tartaric acid, 
and citric acid, heated with excess of oil of vitriol, hecomo gradually 
oharrod, at first giving off pure carbonic oxido gas; and it is imljr at a 
later stage of the process—the heat being continued—tliat this giis 
becomes mixed with carbonic acid and sulphurous acid; so that the eiir- 
bouio oxido appears to be formed, not from the o.'cygcu of tho sulphuric 
acid, but from that of tho organic compound, in coiiscfjiioiico of the 
decomposition caused by tho formation of water. This siiiipositiou is 
corroborated by tho fact that oompouiuls consisting wholly of carbon and 
hydrogen, are capable of yielding largo quantities of cavlionic acid, but 
no carbonic oxide.—Fats, most volatile oils, re.sins, stearic acid, oloio 
acid, &c., treated with oil of vitriol, form—with evolution of boat—a 
coloured mixture, which chars when further lioatod, giving off sulphurous 
acid, carbonic acid, and frequently also formic acid.—Oti the contrary, 
many volatile oils, such as rock-oil, and volatile acids, e. oaproio, 
valerianic, and hiityrio acid, pass off for tho most part, umlocmnposod, 
when heated with oil of vitriol.—Acetic acid escapes decomposition com¬ 
pletely, inasmuch as it volatilises whon lioatod. 

g. Peculiarly remarkable is the production of formic acid and furfiirol 
(a kind of volatile oil) which distil over when saw-dust, bran, (lour, 
Starch, or sugar is heated with a mixture of equal volumes of oil of 
vitriol and water till it begins to char. 

Very few organic compounds remain nndocomposed wlion treated 
, with oil of vitriol, especially at a boiling heat; such, howovor, is the case 
with mellitio acid. 


in PIIOSPIIORIC AGIO. 
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B. Action of Dilute Stilphurio Acid. 

Certain other of the Btrongcr acids often exhibit the eamo action. 

а. in sorao cases, the dilute acid, from some unknown causes, induces 
the organic compound, at a boiling heat, to take hydrogen and oxygen in 
equal numbers of atoms from tho water, and thereby form a new com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, are converted into grapo-sugar. 

б. In other cases, on the contrary, it withdraws hydrogen and oxygon 

from the compound, in e(]|ual numbers of atoms.—Saligenin, is 

thus converted into salirctin, and 2HO. Saligenin undorgoos tho 

same decomposition when boated per se above 150“. 

c. In amidogen-compounds, it induces, by predisposing affinity, tho 

formation of ammonia and decomposition of water, the oxygon of which 
passes over to the organic compound.—Oxamido, CTP'N^O'*, is resolved 
with decomposition of 4110, into oxalic acid, and SNU’’; aspa- 

ragin, C®H®N°0‘’, with 2110, into aspartic acid, CT-PNO® and NI-P.— 
Tlioso transformations aro likowiso produced hy water alonoj hut only 
at a strong heat, such as can bo iinjiartod to the water in soalod glass 
tubes. 

d. Boiling dilute aiilpluirio aoid somotimos, though rarely, oansos an 
evolution of carboiiio acid, formed from tho oxygon of tho organic com¬ 
pound.—Thus, mocmiio aoid, C'^H'0‘‘, boiled with dilute snlplmrio or 
hydrochloric acid, gives oil' 2C0’, and is couvortod into comonio acid. 

c. Grapo-sugar, boiled for a long time with very dilute snlphnrio acid, 
is converted into a mouldy substauco and a small quantity of formic 
acid. 


11. Decompositions ly Plsosphoric Acid. 

Anhjrdrous phosphoric n,oid acts, by vivtno of its wator-forming 
power, like concontratod sulphuric acid; hut the dccomjiositiou which it 
causes is much loss profound, partly hocauso it has loss allinity for witor 
and ammonia, and partly booauso it retains its oxygon much more lona- 
cioiisly. It is tlioroforo specially adapted for docompoHitioiiH in which it 
is desired to abstract water without jirodiiciitg any stronger action. 

By distillation with anhydrous phosphoric aoiil, whioli lakos up 2 At. 
HO, alcoliol, O‘IP0“, is couvortoil into ololiaut gas, C'll* (a concontratod 
solution of pliosphorio aoid likowiso forms with alcohol a certain <niautity 
of other); fusel-oil, C“II'®0’, into aiiiylono, C'®!!'”, and polymci’Ki com¬ 
pounds of tho same; cantphor, C“'’n“’(J’, into oampliono, hornool, 

C“H‘W, into boruoono, C“II’" ; pop[)oriuint-oanii>hor, C“II*’0’, into 
montliouo, C“"ri'®; othal, CWO®, into ootono, I3iU oil of hittor 

almonds, oil of cinnamon, and anise-camphor, do not suflbr this dooompo- 
fiitioii into water and a hydrocarbon, when hoatod with anhydrous phos- 
jihoric aoid.—Oxalic aoid hoatod with concontratod jjdiosphorio aoid is 
docoMqjosod in tho same nnu\nor as with oil of vitriol. Certain com¬ 
pounds, as aldoliydo, camphoric acid, and (onanthol, aro oven hlackonod 
by jiliospliorio aoid. 

i’hosjihorio aoid likewise transforms cortnin compoumls into othors 
isomeric with them, ami I'orms a few Oopulntcd I'/mptioric acids (q. v.). 
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DECOMPOSITION OF ORGANIC COMPOUNDS. 


■\vliile tlie water produced by the decomposition is separated.—(Substitu- 
tioiij p. 74)j e. y., Sulphoboniiide. 

e. With many organic compounds snlpliuric acid unites and forms 
various kinds of copulated mlphuric adds, q. v./ the combination being 
often attended with separation of water. 

/. The oxygen of the snlphnrio acid not only forms water with the 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide witli its carbon. A largo proportion of the snlpliuric acid istberoby 
jiartly converted . into sulphurous acid, and partly even reduced to the 
state of suljihnr.—The organic compound, whether it dissolves in the oil 
of vitriol or not, frequently assumes at first a deep red, orango-yollow, 
violet or other colour; which, however, if tho action of tho acid bo con¬ 
tinued, is converted into brown and black. The volatile deconiposition- 
products, such as formic acid, acetic acid, and I'urfurol, often produced 
from the organic compound, pass off together with tho mixture of carbonic 
acid, carbonic oxide, and sulphurous acid gas, Tho residno generally 
contains at first a black resin, with which sulphuric acid is intimately 
combined; also a brown matter which is soluble in water anil in alcohol, 
likewise contains sulphuric acid, and, on account of its property of pre¬ 
cipitating gelatin, is called sulphate of wlificial tannin; often hkowiso a 
mouldy substance, and sulphuric acid coupled with an organic compoiiiid. 
If tho action of the acid bo still further continued, sulphur is often 
sublimed, and tho substances just mentionod niiito into a body called 
sulphate of carbon {Schwefdsaure Kohle), wliicli is insolnblo bolli in water 
and in alcohol—likewise contains sulphuric acid, or some other form of 
sulphur, so intimately combined that it cannot ho oxtractod hy alkalis— 
and is, moreover, distinguished from true charcoal by containing a coiisi- 
dorablo amount of hydrogen and oxygon. It a])i)oar8, then, that most 
organic compounds aro charred by sulphuric acid. 

Cano-sugai') milk-sugar, grape-sugar, starch) lactic acid, tartaric acid, 
and citric acid, heated with excess of oil of vitriol, become grailimlly 
oharrod, at first giving off pure carbonic oxide gns; and it is only at a 
later stage of the process—tho heat being continnod—Unit this gas 
becomes mixed with carbonic acid and sidpliurous acid; so that tho car¬ 
bonic oxide appears to bo formed, not from tlio oxygon of tlio sulpliiirio 
acid, but from that of tho or^fanio compound, in conscquonco of tlio 
decomposition caused by the torinntion of water. This supposition is 
corroborated by tho fact that compounds consisting wholly of curiam and 
hydrogen, aro capable of yielding largo quantities of carbonic acid, but 
no carbonic oxide.—Fats, most vohitilo oils, rosins, stearic acid, oloio 
acid, &c., treated with oil of vitriol, form—with evolution of boat—a 
coloured mixture, which cliars when further heated, giving off sulphurous 
acid, carbonic acid, and frequently also formic acid.—On tlio contrary, 
many volatile oils, such as rock-oil, and volatilo acids, e. y., caprcio, 
valerianic, and butyric acid) pass off for tho most part, uiulccomposed, 
when heated with oil of vitriol.—Acotic acid escapes decomposition com¬ 
pletely, inasmuch as it volatiliiies when heated. 

g. Peculiarly remarkable is tlio production of formic acid and fiirfurol 
(a fond of volatile oil) which distil over when saw-dust, bran, flour, 
starch, or sugar is heated with a mixture of equal volumes of oil of 
vitriol and water till it begins to char. 

Very few organic compounds remain undocomposod ^vhon treated 
with oil of vitriol, espooially at a boiling heat; such, howovor, is tho case 
with raellitioaoid. 


5^' pnosi’ironic acid. 
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B. Action, of Dilute Sulphunc Acid. 

Certain other of the stronger acids often exhibit the same action. 

a. fn some cases, the dilnto acid, from some unknown causes, induces 
the organic compound, at a boiling heat, to take hydrogen and oxygon in 
equal numbors of atoms from the water, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, are converted into grape-sugar. 

5. In other cases, on the contrary, it withdraws Wdrogen and oxygon 
from the comj)Ouud, in equal numbers of atoms.—Siligcnin, C“I-PO‘, is 
thus converted into saliretin, and 2HO. Saligonin undergoes the 

same decomposition when boated per se above 150". 

c. In amidogen-compounda, it inducos, by predisposing affinity, tho 
formation of ammonia and decomposition of water, tho oxygon of which 
passes over to the organic compound.—Oxainido, C*II‘N“0'‘, is resolved 
with decomposition of 4HO, into oxalic acid, G^iPO®, and 2Nri®; aspa- 
ragiii, C^1-PN‘0°, with 2110, into aspartic acid, C^irNO" and NI-P.— 
Those transformations are likewise produced by water alone; but only 
at a strong beat, such as can bo iiiiquirtod to the water in sealed glass 
tubes. 

d. Boiling dilute sulphuric acid soniotinios, though rarely, oansos an 

evolution of carbonic n,cul, formed from tho oxygon of the organic oom- 
pouiul.—Thus, rooconio acid, boileil with dilute Hulphurio or 

hydrochloric aeid, gives oil' 200’, and is convortod into comonio acid. 

e. Grape-sugar, boiled for a long time with very dilute sulphuric acid, 
is converted into a mouldy substance and a small (piantiby of formio 
acid. 


11. Decompositions hy Dliosphoiic Acid. 

Anhydrous phosphoric acid acts, by virtue of its wator-forming 
power, liko conoontratod sulphuric acid; but tho decomposition which it 
causes is much less profound, partly bocauso it lias loss affinity fur water 
and ammonia, and partly because it I'otaina its oxygon nuicli nuiru lona- 
oiously. It is tlioroforo specially adapted for docomimsitioiiH in which it 
is dosirod to abstract water without jirednciiig any strongoi'action. 

By distillation with anhydrous pliosjihorin itci<l, which takes up 2 At. 
HO, alcohol, C'lrO’ is oouverted into oluiiaut gas, C'lP (a noncontratod 
solution of phosphorio acid likowiso forms with alcohol a certain mmntity 
of etlior); fusel-oil, C“'1I'’0’, into amylouo, and polymerie com¬ 
pounds of tho same; camphor, G’ni^O’, into camphono, bornool, 

C“H'®0’, into horuoono, C™!!'" ; popiiormint-oiimiihor, into 

montliono, othal, C”IP‘0’j into cotono, C”I1“. But oil of hitter 

almonds, oil of cinnamon, and aniso-oamphor, do not sufi'or this dcoompo- 
sition into water aud a hydrooarlion, when hoaUKi with auliydrous plios- 
jdiorio acid.—Oxalic acid boated with conoontratod piiospnorio acid is 
dooomposed in tho samo manuor as with oil of vitnol. Curtain com¬ 
pounds, us aldohydo, camplioric acid, and umaubliul, aro oven hhudrouocl 
by phosphoric acid. 

Pliosidiorio acid likowiso transforms certain comiiouiuls into otliora 
isomoric with thorn, aud forms a few CopultUed I'hosphovic acids (<’/. v,). 
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DECOMPOSITION OF ORGANIC COMPOUNDS. 


■vvliile the water i^roducetl by the decomposition is separated.—(Substltu- 
tioHj p. 74); e. y., Sulphobeiizide. 

e. With many organic compounds sulplnirlc acid iinitc.s .and forms 
various kinds of copulaUd, mlphuric adds, q. v.; the coinbiiiation being 
often attended with separation of water. 

/. Tlie oxygen of tlio sulphuric acid not only forms water with the 
hydrogen of tlie organic compound, but likewise carbonic acid and carbonic 
oxido with its carbon. A largo proportion of the sulphuric .acid is thereby 
partly converted into sulphurous aci<l, and partly even reduced to the 
state of sulphur.—The organic compound, whether it dis.solvcs in the oil 
of viti'iol or not, frequently assumes at first a deep rod, oraugo-ycllow, 
violet or other colour; whicli, however, if the .action of tlio acid bo con¬ 
tinued, is converted into brown and black. The volatile doconipositioii- 
products, such as formic acid, acetic acid, and furlurol, often produced 
from the organic compound, pass oft' togctlicr with tlio mixtiiro of carhoiiic 
acid, carbonic oxido, and aulpburoiis acid gas. Tlio rosidiio generally 
contains at first a black rcsiu, avith which sulphuric acid is intiinatoly 
combined; also a brown matter which is soluble in water and in alcohol, 
likewise contains anlpbnrlc acid, and, on account of its property of pre¬ 
cipitating gelatin, is called sidphaie of arlijidal tannin; often likewise a 
mouldy substance, and sulphuric acid coupled with an organic conipomul. 
If the action of the acid bo still further continued, sulphur is often 
sublimed, and the substances just mentioned unite into a bod^ called 
sulphate of carbon (^Schioefe!saute Kohle), which is insoluble both in wivtor 
and in alcohol—likewise contains sulphuric acid, or some other foriii of 
sulphur, so intimately combined that it cannot bo extracted by alkalis— 
and is, moreover, distinguished from true charcoal by containing a consi¬ 
derable amount of hydrogen and oxygon. It aiipcars, thou, that most 
organic compounds are charred by sulphuric acid. 

Ciuio-siigaf, milk-.sugar, grape-sugar, stal'd), liictio acid, tartaric acid, 
and citric acid, heated witii excess of oil of vitriol, become gradually 
charred, at fiivst giving off pure carbonic oxido gas; and it is onlj^ lU a 
later stage of the process—the heat being conlimiod—that this gas 
becomes mixed with carbonic acid and sulpluiroiis acid; so that the car¬ 
bonic oxido appears to bo formed, not from the oxygon of the snlphurio 
acid, but from that of tlio orj'aiiio comjiound, in conscqncnco of tlio 
decomposition caused by the tonnation of water. This sij|tpositiou is 
corroborated by the fact that oorapouiids consisting wholly of carbon ami 
hydrogen, are capable of yielding largo quantities of carbonic iicid, but 
no carbonic oxide.—Fats, most volatile oils, rosins, stcai'io acid, oloio 
acid, &c., treated with oil of vitriol, form—with evolution of boat—a 
coloured mixture, which chars when further boated, giving off sulphurous 
acid, carbonic acid, and frequently also formic acid.—On the contrary, 
many volatile oiks, such as rock-oil, and volatile aciils, e. r/., c.iproio, 
valerianic, and butyric acid, pass off for the most jiai't, uiuloconiposod, 
when heated with oil of vitriol,—Acetic acid escapes docoiiiposition com¬ 
pletely, inasmuch .as it volatilises when hoatod. 

; g. Peculiarly remarkable is the production of formic acid and furfiirul 
(ft fond of volatile oil) which distil over when saw-dust, bran, fiour, 
Stftreh, Or sugar is heated with a mixture of equal volumes of oil of 
viteiol. and water till it begins to char. 

Very few organic compounds remain nndcconiposod when treated 
with, oil of vittiol, especially at a boiling heat; such, liowovor, is the case 
with mellitio acid. 



nv niosi’iioixic acid. 
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B. Action of Dilute SuVphunc Act'd. 

Certain otlier of the stronger acids often exhibit the same notion. 

а. In some cases, the dilute acid, from some unknown causes, induces 
the organlo compound, at a boiling boat, to take hydrogen and oxygen in 
equal numbers of atoms from tho water, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, aro converted into grape-sugar. 

б. In other cases, on tlio conti'ary, it witlidraws hydrogen and oxygen 

from tho compound, in equal numbers of atoms.—Saligeniri, is 

thus converted into salirotin, and 2HO. Saligoiiin undorgoos the 

same decomposition when heated per se above 150“. 

c. In amldogen-compounda, it indneos, by predisposing affinity, tho 
formation of ammonia and decomposition of water, tho oxygon of which 
passes over to the organic compound.—Oxamido, C''H‘N“0*, is resolved 
with dcoompoaitioii of 4HO, into oxalic aoid, CftPO®, and 2NIPj aspa- 
ragin, OTPN®0“, with 2HO, into aspartic acid, C^IPNO” and NI-P.—. 
Those transformations aro likewise produced by water alono; but only 
at a strong beat, siioh as can bo iin 2 iartod to tlio water in eoalod glass 
tubes. 

d. Boiling dilute sulphurio aoid Homolimos, thougli rarely, causes an 
evolution of oai-bonio acid, formed from tbo oxygon of tho organic com¬ 
pound.—Thus, moconio acid. C^I-PO*'*, boiled with diluto sulphurio or 
hydrochloric acid, gives olT 2CO’, aud is couvortod into oonumio acid. 

e. Grape-sugar, boiled for a long time with voiy diluto Huljiburio acid, 
is converted into a mouldy substance and a small quantity of formic 
acid. 


11. Decompositions bi/ Pltosphonc Acid, 

Anhydrous iihoephorio aoid nets, by virtue of its wator-forming 
power, like ooncontratod sulidinrio aoid; but tho decomposition wliich it 
causes is much less profound, partly bccanso it has loss adinity for water 
and ammonia, and partly bocauso it retains its oxygon nnicli inoro (ona- 
ciously. It is tlioroforo specially adapted for docompositioiiH in which it 
is (lesirod to ahstraot water witliout prodneiiig any stronger action. 

By distillation with anhydrous phosphorio aoid, wliioli lakes vij) 2 At. 
HO, alcohol, C'lPO'’, is couvortod into olofiant gas, C'll* (a ooucoutratod 
solution of plioapliorio aoid likewise fonus with aleohol a cortaia quantity 
of otlier); msol-oil, into aiiiyJono, C'®!!"’, and polymcrio com¬ 
pounds of tho same; camplior, C““II“0’, into camplusno, horjiool, 

into bornoono, C“II'" ; poppormint-oamphor, C’^IP’O®, into 
montliono, C^TP®; otlial, C“IP‘U®, into ootono, C®’II®. But oil of hitter 
almonds, oil of cinnamon, and aniso-cimtpher, do not sufibr this dooomix)- 
sition into water and a liydrooorbon, when boated with anhydrous jdios- 
jdioric aoid.—Oxalic aoid boated with ooncontratod |)hoHphorio aoid is 
dooom))osc(l in tlio same manner as with oil of vitnol. Curtain eoui- 
peuiids, as aUlohydo, camphoric acid, and (anantliol, aro ovon blackoiiod 
by pliosphoric aoid. 

l’lios]ihoi'io acid lilcowiso transforms cortain conniomids into others 
isoiiioric with thorn, ami forms a few Copulated d'/mphorio aciih (q, v,}, 
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wliile tlie water {produced bj the decomposition is separ.atod.—(Substitu¬ 
tion, p. 74); e.ff., Sulpbobeu^ide. 

e. With many organic compounds sulphuric acid unites and forms 
various kinds of copulated s%dphuric acids, q. v.; the couibinatiou being 
often attended with separation of water. 

/. Tlie oxygon of the sulphuric acid not only forms water with the 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide witli its carbon. A largo proportion of the sulphuric acid is thereby 
partly converted into sulphurous aci<l, and partly even reduced to the 
state of sulphur.—The organic compound, whether it dissolves in the oil 
of vitriol or not, frequently assumes at fii’st a deep rod, orange-yellow, 
violet or other colour; which, however, if the action of the acid bo con¬ 
tinued, is converted into brown and black. The volatile decompositioii- 
prodnots, such as formic acid, acetic acid, and fnrfiirol, often proilucod 
from the organic compound, pass olf together with the mixture of carbonic 
acid, carbonic oxldo, and aulpburons acid gas. The residue gonorally 
contains at first a black resin, with wbicii sulphuric acid is intimately 
combined; also a brown matter wliicb is soluble in water and in alcohol, 
llkowiso contains sulplniric acid, and, on account of its property of pw- 
cipitatlng gelatin, is called sulphate of artificial tannin; often llkowiso a 
niouldy substance, and sulpluirio acid coupled with an organic compound. 
If the action of the acid ho still further continued, sulphur is often 
sublimed, and the substances just mentioned unite into a hod^ callud 
sulphate of carbon (Schwefekaune Kohle), which is insoluhlo both m wator 
and in alcohol—likewise contains sulphuric acid, or some other form of 
sulphur, so intimately combined that it cannot ho o.'ctractod by alkalis— 
and is, moreover, distinguished from true charcoal by containing a eonsi- 
dorablo amount of hydrogen and oxygon. It appears, thou, that most 
organio compounds are charred by sulphuric acid. 

Cano-sugar, milk-sugar, grape-sugar, starch, lactic acid, tartaric acid, 
and oiti'io acid, heated with excess of oil of vitriol, hecomo gradually 
charred, at first giving oflf pure carbonic oxide gas; and it is only at a 
later stage of the process—the heat being continued—that this gas 
becomes mixed with carbonic acid and sulphurous acid; so that the car- 
bonio oxido appears to be formed, not from tlic oxygen of the sulphurio 
acid, but from that of the organic compound, in consequence of the 
dooomposition caused by the formation of wator. Tins supposition is 
corroborated by the fact that compounds consisting wholly of carbon and 
hydrogen, are capable of yielding large quantities of carbonic acid, bat 
no carbonic oxide.—Fats, most volatile oils, rosins, stearic aciil, oloio 
acid, &o., treated with oil of vitriol, form—with evolution of boat—a 
coloured mixture, which chavs when further boated, giving oft'sulphurous 
acid, carbonic acid, and frequently also formic acid.—On the contrary, 
many volatile oils, such as rock-oil, and volatile acids, e. y,, o.rproio, 
valerianic, and butyric acid, pass off for the most part, umlocomposod, 
when boated with oil of vitriol.—Acetic acid escapes docompositiou com¬ 
pletely, inasmuch as it volatilises when heated. 

: g. Peculiarly remarkable is tlie production of formic acid and furfurol 
(ia kind of volatile oil) which distil over when saw-dnst, bran, (lour, 
atatoh, or sugar is heated with a mixture of equal volumes of oil of 
vitriol and water till it begins to char. 

Very few organic compounds remain undocomposod wliori troatod 
with oil of vitriol, especially at a boiling heat; such, howovor, is the caso 
with mellitio acid. 


BY PIIOSI'KOKIC ACID. 
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B. Action of Dilute Sulpkunc Acid. 

Certain otlior of the stronger acids often exhibit the same action. 

a. In sonic cases, tlio dilute acid, from soino unknown causes, induces 
the organic compound, at a boiling heat, to take hydrogen and oxygen in 
equal uumberB of atoms from tho water, and thereby form a now com¬ 
pound.—Starch, cano-augar, milk-sugar, and dextrin, boiled with very 
dilute acids, are converted into grape-sugar. 

l>. In other cases, on tlio contrary, it withdraws hydrogen and oxygon 
fi’oni the compound, in equal numbers of atoms.'—Siiligonin, C“H®0*, is 
tlms converted into salirotin, and 2HO. Saligonin undergoes the 

same decomposition when heated per se above 150“. 

c. In amldogen-compounds, it indneos, by prodiaposing alTinity, tho 
formation of ammonia and docomposition of wator, tho oxygon of which 
passes over to the organic compound.—Oxainiiio, C^IPN-O'*, is resolved 
with decomposition of 4HO, into oxalic acid, C'l-PO", and 2NH“; a.spa- 
ragiu, C®I-PN“0“, witli 2HO, into aspartic acid, C"IPNO" and NTP.— 
Thoso transformations avo likewise produced by wator alotio; but only 
at a strong boat, such as oaii bo imiuirtod to tlio water in scaled glass 
tubes. 

d. Boiling dilute anlpliurie aoid somotiinos, thougli ravoly, oansos an 

evolution of carbonic acid, formod from tlio oxygon of tho organic com¬ 
pound.—Thus, mooonio acid. boiiod witli dilute sulphnrio or 

hydrochlorio acid, gives oil' 2CO’, and is oonvorted into comonio aoid, 

e. Grrapc-siigar, boiiod for a long tinio witli very dilute snlpburio aoid, 
is converted into a mouldy substanco and a small quantity of formic 
acid. 


11. Decompositions hi/ Dhosphmic Acid. 


Anhydrous pliospborlo acid acta, by virtue of its wator-forming 
power, like coucontratod sulplmrio acid; but the doenmpoaition which it 
causes is mucli loss profound, partly bocauao it baa loss allinity for water 
and ammonia, and partly bocauso it retains its oxygon ranch more lono- 
ciously. It is therefore apocially adaptod for docompoHitioiiH in which it 
is desired to abstract wator without prodiioing any Htrongov action. 

By distillation with anhydrous pliosphorin aoid, whioli talcoa up 2 At, 
HO, alcohol, C'lPO''’, is convortod Into utofiant gas, C‘II‘ (a conooiitratod 
solution of phosphoric acid likowiso forms with iilcoliol a certain ((iiiuitity 
of otlior); fusol-oil, C'“IP“0’, into iiinylcmo, C“'II"', ami polynierio com¬ 
pounds of tho samo; camphor, C“II'”0’, into ciimplumo, bornool, 

C“H'®0*, into boriioono, ; poppormiiit-oaniplior, C’^IPO’, into 

monthono, C^'TP®; othal, C“’IP'0’, into ootono, C”!!”. But oil of bittor 
almonds, oil of cinnamon, and aniso-camxibor, do not sutl'er Ibis dooomjx)- 
sition into wator and a hydrocarbon, when boated with aiiliydroiis jilios- 
jilioric aoid.—Oxalic aoid heated with coucontratod phospliorio acid is 
dooomposod In tho saino mannor as with oil of vitriol. Cortalii com- 
poiimls, us aldohydo, camphoric aoid, and umantliol, aro oven blmdcoiiod 
by jihosjihorio aoid. 

riiosjiliorio aoid likowiso transforms certaiu comiioiimls into otliora 

Wlfll Minn) niwl r<^t<niCJ ii Tmti- utAil /Virt ft* ti \ 


II 




128 


DECOMPOSITION OE UUUAMi; i:ii.\n-()UNDR. 


wlillo tlio wator iiroduood by tlio (Icroiiiixwitiini h «i>i.anito(l,--(Si,b3titu- 

tioib p. 74); e.^r., Sulplioboiixblu. 

e. With many (irganic (’(imiimmiiH milpltunc iici.l uiuU'h ami fonas 
various kiiula of cnpiilaiai mliihurk uddx, »/. l>.; tlio oomliinatiou being 
often attondod witli Hoparation ol wator. 

/, Tlio oxygon of tlio milplinrio aoiil not only rnriUM \yaU'r with tbo 
liydr'ogon of tlic orgmiiio compound, but jikomifio caidpimio mdil and earbonio 
oxklo with its carbon. A liirgn iiniinirtion of tin* Mulphuric iir.id in tboroby 
jiartly convortod into anl]iliuronH acid, iiml partly oven reduced to the 
stato of sulpliur.—Tlio orKimio componinl, wliellier it diNNolve.s in tlio oil 
of vitriol or not, fretiucntly a-'Hiimen at lir.tt a deep reil, oraii^o-yullpnvj 
violot or other colour; wliieli, however, if ibe ueiion of the acid bo cou- 
tinuod, is converted into brown and IdncU. '1‘lie volatile decompoNitioii- 
produots, such as formic acid, acetic acid, ttinl fiirtiirol, olteii prodiiccid 
from tlio organio oomponml, pass oil' toj^etber with tlie niixiure of earlioiiio 
acid, carbonic oxide, and HulpbnrotiM nei*! gas. The ri'siiluo genoiully 
contains at first a lilaok resin, with vyhieli sulphuric acid is intimately 
combinod; also a brown matter whiidi is htdnble in water and in aleoliol, 
likewise contains sulphurio aciil, and, on aceounl of its properly of pro- 
cipltating gelatin, is called su/pAotc o/ urfipniit lniiiitii; often liltewiso a 
mouldy muislanco, and stiliiliiiric acid ennph'il with an organio conipoinul. 
If the action of the acid ho still furilter eonliniosl, ,sul[diur is often 
sublimed, and the siib.stancos just inentioiieii unite into a hod^ callml 
mlp/uUt of cui'bon (iiiV/i.iCf/c/ii((«/'c Kn/tk), which is iiiscdiiblo both iti wiUcir 
and in alcohol—likowiBO contains sulpliurie uei*!, or some other form of 
Buliihur, so intimately combined that it ennnot he extracted by alkalis— 
and is, moreover, (lislingnisliud from (rut* eiiareonl by emitaining a consi- 
dorablo anionnt of liydrogeii and oxygen. lt_ appears, llieii, llait most 
organic compounds are charred by Hulptuirlc acid, 

Cano-sugar, milk-sogar, griipe-sugar, wlarcb, lactic iicid, tin laric acid, 
and citric acid, heated witit excess of nil of vitriol. Iiecoiiio gmdiially 
charred, at first giving dll' imre earbuuin oxidti gn*i; and it is only at a 
lator stage of tho prncesH—tlie lieal being eonliniu-d--ilial this gas 
bocomos mixed with cavhouie acid ami Hulplimnns ludil; so lliat lliu car- 
bouio oxide appears to bo fonni'il, nut from tin* oxygen of tlio Hulplnirio 
aoicl, but from that of the organic c<impimtHl, in eoimi'nuenen of the 
decomposition caused by tlio formation of water. 'I’liis supposition is 
corroborated by tho fact tlmt compomnl« consisting wliolly of ciirhon niid 
hydrogen, are oanahlo of yielding largo tjuautiiies of carhouic acid, hut 
no carbonic oxide.—Fats, most voluliht oils, rtisiim, slearle acid, oloio 
acid, &o., treated with oil of vitriol, form—with evolution of htmt~n 
coloured mixture, whloh chars wlien further heated, giving oiraulpluirous 
acid, carbonic noid, and frot|uonlly also formie iw‘id,--'t)n the cmitmry, 
mauy volatile oils, sucli as rock-oil, and volatile aeids, r. (/., o.iprciio, 
valerianic, and butyric acid, pass oil' for tlm most part, nmiecomposod, 
when heated xvith oil of vitriol.—Ac.elio neid eseapeH decomimsitioii com¬ 
pletely, inasmuoh as it volatilisom wlion lieaUni. 

£ Peculiarly remarkable is tlio proihialion of formie nciil and fiirfiirwl 
nd of volatile oil) which distil ovor when ruw diml, hmn, flotii', 
steoHji 0* sugar is heated with a mixture of eipial volumca of oil of 
vIt4o| anA water till It begins to char. 

^ Very few orgaaio oompomubt reninin imducomiKuteil wlmn tronlud 
with ellycf espooWly at a boiling heal: «uch, huwovor, is tho omo 
with mellitidttflid. » » • 




B. Adioii of Dilute SulpJtwic Acid, 

Certain other of the stronger acids often exhibit the samo notion. 

a. In somo oases, the dilute acid, from somo unknown causes, induces 
the organic compound, at a boiling heat, to tako hydrogen and oxygon in 
equal numbers of atoms from the water, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, are converted into grape-sugar. 

5. In other cases, on tho contrary, it withdraws hydrogen and oxygon 
from tlio compound, in equal numbers of atoms.—Saligonin, C“H®0'‘, is 
thus converted into salirotin, and 2HO. Saligonin undorgoos tlio 

same decomposition when heated per se above 150“. 

c. In amidogen-compounds, it inducos, by predisposing affinity, tho 
formation of ammonia and decomposition of water, tho oxygon of which 
passes over to the organic comjiound.—Oxainido, C*H‘N’0*, is resolved 
with docomposition of 4HO, into o.xalio aoid, C‘H”0®, and 2Nri“; aspa- 
ragiii, C^I-PN^O®, witli 2HO, into aspartic aoid, C^irNO" and NI-P.— 
Those transformations are likewise produced by water alone; but only 
at a strong heat, such as can bo iinpirtod to tho water in scaled glass 
tubes. 

d. Boiling dilute siilphurio aoid somotimos, though rarely, causes an 
evolution of carbonic acid, formed from tho oxygon of tho organic com¬ 
pound.—Tims, mooonio aoid. C“IT‘0", hoilod with diliito snlphnrio or 
hydrocldorio acid, givos off 2CO’, and is coiivortod into oomonie aoid. 

e. Grapo-siigar, hoilod for a long tinio with very dilute sulpliurio aoid, 
is coiivortod into a mouldy substance and a small quantity of formic 
acid. 


11. Decompositions hy Phosphonc Acid. 

Anhydrous phospliorio aoid acts, by virtue of its wator-forining 
power, like conoontratod sulphuric acid; but tho decomposition which it 
causes is much loss profound, partly bocaiiso it has loss alUnity for water 
and aiunionia, and partly hocanso it retains its oxygon much more toiia- 
oionsly. It is tlioroforo specially ndaptod for decompositions in whioli it 
is desired to abstract water wil.hont produoing any stronger action. 

By distillation with anhydrous phospliorio aoid, which takos U}) 2 At. 
HO, alcohol, CTPO'', is couvortod into olofiaut gas, C‘II* (a eouooiitratod 
solution of phospliorio acid likowiso forms with alcohol a cortaiu quantity 
of otlior); fusol-oil, C'"!!'”©’, into iiinylono, C'®!!'", and polymorlo com¬ 
pounds of tho same; camphor, C“IP"U''‘, into oaniphono, bornool, 

C“I-I’®0“, into hornooiio, C“II'" ; popporiiiiiit-oiimphor, C“n““0“, into 
mentliono, othal, C”IPO®, into ootoiio, C’”IP, But oil of hitter 

almonds, oil of cinnamon, and aiiiso-ciuiiphor, do not sullbr this decompo¬ 
sition into water and a liydrooarhon, wlion hoatod with anhydrous plios- 
jdioi'ie acid.—Oxalic aoid hoatod witli ooacoulnrtod phospliorio aoid is 
doconqioHcd in tho samo inannor as with oil of vitriol. Cortaiu coin- 
pounds, as aldehyde, camphoric aoid, and umaiithol, are oven blackened 
by phospliorio aoid. 

I’liosjdioric aoid likowiso transfonus corlain compounds into othora 
isoniorio with tlioni, and forms a few CopuliUed Phosphoric acids (q. v,). 
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tion, p. 74); e. gf., SulpliobenZule. 

e. With many organic compounds sulplniric acid miitcs and forms 
various kinds of copulaied sulphuric acids, q. v.; tlio coiiibinatiou being 
often attended with separation of water. 

/. The oxygen of the sulphuric acid not only forms water with the 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide with its carbon. A large pi-oportiou of the sulplniric acid is thereby 
partly converted . into sulphurous acid, and partly even reduced to the 
state of sulphur.—The organic compound, whether it di.3solvos iu tho oil 
of vitriol or not, frequently assumes at first a deep red, orango-ycllow, 
violet or other colour; which, however, if tlio action of tho acid be con¬ 
tinued, is converted into brown and black. The volatile decomposition- 
products, such as forinio acid, acetic acid, and furfnrol, often produced 
from the organio compound, pass off together with tlio mixture of carbonic 
acid, carbonic oxide, and sulphurous acid gas. The residue gonorally 
contains at first a black resin, with which suljihuric acid is intimately 
combined; also a brown matter which is soluble in water and in alcohol, 
likewise contains sulphuric acid, and, on account of its property of pre¬ 
cipitating gelatin, is called sulphate of artificial iaimin; often likewise a 
mouldy aubatanco, and sulphuric acid coupled with an organic compound, 
If the action of tho acid be still further continued, aulpliur is often 
sublimed, and the substances just mentioned unite into a hoily oallcd 
sulphate of carbon {Schwefehaure Kohle), wliich is insolnhlo both m water 
and in alcohol—likewise contains sulphuric acid, or some other form of 
sulphur, so intimately combined that it cannot bo extracted by alkalis— 
and is, moreover, distinguished from true charcoal by containing a consi¬ 
derable amount of hydrogen and oxygen. It appears, then, that most 
organic compounds are charred by sulphuric acid. 

Cane-sugar, milk-sugar, grape-sugar, starch, lactic acid, tartaric noid, 
and citric acid, boated with excess of oil of vitriol, hecomo gradually 
charred, at first giving off pure carbonic oxide gas; and it is only at a 
later stage of tho process—tho beat being continued—that this gas 
becomes mixed with carbonic noid and sulphurous acid; so that tho ear- 
bouic oxide appears to be formed, not from tho o.vygou of tho siilpluirio 
acid, hut from that of tho organic compound, in con.soqucnco of tho 
decomposition caused by the formation of water. This suppositiun is 
corroborated by the fact that compounds consisting wholly of carbon and 
hydrogen, are capable of yielding largo quantities of carboiiio ucid, but 
no carbonic oxide.—Fata, most volatile oils, rosins, stearic acid, oloio 
acid, &o., treated with oil of vitriol, form—with ovolutiou of boat—a 
coloured mixture, which chars when further heated, giving off aulplmreas 
acid, carbonic acid, and frequently also formic acid.—On tho contrary, 
many volatile oils, such as rock-oil, and volatile acids, e. (/., caproio, 
valerianic, and butyric acid, pass off for tho most paid, uiulocomposod, 
when heated with oil of vitriol.—Acetic acid escapes doconipositiou com¬ 
pletely, inasmuch as it volatilises when lieated. 

vFw remarkable is the production of formic acid and furfnrol 
of volatile oil) which distil over when saw-dust, bran, (lour, 
heated with a mixture of equal volumes of oil of 
vstMuatttefliitgrtill it begins to char. 

. Veisy organio compounds remain imdecomposod wliou treated 
wUh .ovMi vitriol, eapeoially at a boiling heat; such, hoAvovor, is tho ouso 
with melliiic aoid, - . 


nY piiosMtonic acid. 
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B. Action of Diluie S%dpkunc Acid. 

Certain otlier of the stronger acids often oxUibit the same action. 

a. In some cases, the dilute acid, from some unknown causes, induces 
the organic compound, at a boiling heat, to take hydrogen and oxygon in 
equal numbers of atoms from the water, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, are converted into grape-sugar. 

b. In other eases, on the contrary, it witlidrawa liydrogen and oxygon 

from the compound, in equal numbers of atoms.—Saligonin, C^fPO'*, is 
thus couvorted into salirotin, and 2HO. Saligonin undorgoos tlio 

same decomposition when boated per se above T50“. 

c. In amidogen-compoimds, it induces, by 2 )rcdisposing affinity, tbo 
formation of ammonia and docompoaition of water, tlio oxygon of which 
passes over to the organic compound.—Oxainulo, C^IFN-O*, is rosolvod 
with decomposition of 4HO, into oxalic acid, C*rPO®, and 2Nri®; as 2 ia- 
ragiu, C®H®N’*0°, witli 2110, into aspartic acid, C^IPNO” and NI-P.—. 
Those transformations aro likowiao produced by water nlono; but only 
at a strong boat, such as can ho imiuwtod to tUo water in sealed glass 
tubes. 

(I Boiling cliluto aiilpliurio aoid somotimos, tliongh raroly, causes an 
evolution of carbonic aoul, formed from tlio oxygon of tho organic com¬ 
pound.—Thus, mooonio aoid, C'^PPO'S boiled with dilnto sul|)hnric or 
hydi'oclilorio acid, gives off 2C0’, and is couvorted into conumio aoid. 

e. Graiic-siigar, boilod for a long tiino with very cliluto snliihiirio acid, 
is eonvortod into a nioulcly substanoo and a small cpiantity of formic 
acid. 


11. Decompositions hy PJiosphoiic Acid. 

Anhydrous phosphoric aoid acts, by virtue of its wator-forming 
powor, like concontratod sulphuric acid; but tho decomposition wliioh it 
causes is nnich loss profound, partly bocauso it lias loss affinity for water 
and ammonia, and partly bocauso it retains its oxygon niucli more lona- 
cioiisly. It is tUoroforo spocially adapted for doconqiositions in wliiob it 
is dosirod to abstract water witliinit produoiiig any Htrongor aufcion. 

By distillation ^vitll anhydrous jmosiihorio aoid, whioh takes uj) 2 At. 
HO, alcohol, C‘rPO“, is couvorted into olefiant gits, C*II* (a ooucoutratod 
solution of pliosphorio acid likowiao foi'iiis witli alcohol a cortalii ci^uautity 
of other); msol-oil, C^IP’O®, into amylono, C*®!!'", and polymorio ooiu- 
poiinds of tho same; camphor, C“®n‘“fP, into oaiiipliono, C^PP'*; bornool, 
into boriiooiio, C“II"' ; popporiiiiiit-oiiniiilior, C“n*’0’, into 
montlioiio, C“”pr®; otlial, C'''WO''j into cotono, lint oil of hitter 

almonds, oil of oinnamou, and aiiiso-oamxilior, do not siiUbr this dooomjio- 
sitioii into wator and a liydrooar-hoii, wlion lioatod with aiiliydroiis jilios- 
jilioric aoid.—Oxalic aoid lioatod with coiioontratoil phoaxiliorio aoid is 
dooomposod in tlio same maniior as with oil of vitriol. Cui taiii coni- 
poiiiids, us aliloliydo, camjihoric aoid, and uniaiiUiol, aro ovon bliiokoiioil 
by ))liosplioi io aoid. 

Pliosjilioric acid likowiso transforms certain comtiouiula into others 
isomeric with tlioiii, and forma a fuw OopuhUed Phosphoric acids (q. ii,). 
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wliilo tlie 'water produced by the decomposition is separated.—(Substitu¬ 
tion, p. 74); e. y,, SulphobenJside. 

e. With many organic compounds .sulphuric acid unites and forms 
various kinds of copulated mlphuric acids, q. v.; the combination being 
often attended with separation of ■water. 

f. The oxygen of tlie sulphuric acid not only forms water with the 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide with its carbon. A largo propoi’tion of the sulphuric .acid is thereby 
partly converted into sulphurous acid, and partly even reduced to the 
state of sulphur.—The organic compound, whether it dissolves in the oil 
of vitriol or not, freij^ucntly as.suincs at first a deep rod, orango-yollow, 
violet or other colour; which, however, if the action of the acid bo con¬ 
tinued, is converted into brown and black. The volatile decomposition- 
products, such as formic acid, acetic acid, and furfurol, often produced 
from the organic compound, pass off together with the mixture of carhoiiic 
acid, carbonic oxide, and sulphurous acid gas. The residue generally 
contains at first a black resin, with which aulphuric acid is intimately 
combined; also a brown matter which is soluble in water and in alcohol, 
likewise contains sulphuric acid, and, on account of its pi'opert^ of pro- 
cipitating gelatin, is called sidpluile of artificial tanninj often likewise a 
mouldy substance, and sulphuric acid coupled with an organic compound. 
If the action of the acid be still further continued, sulphur is oltcii 
sublimed, and the sub.stanccs just mentioned unito into a liod^ called 
sulphate of carhon (Schwefelsatcre Kohle), which is insolnblo both m water 
and in alcohol—likewise contains sulphuric acid, or some other form of 
sulphur, so intlmatoly combined that it cannot ho o.xtraotcd^ by alkalis— 
and i.9, moreover, distinguished from true charcoal by containing a consi¬ 
derable amount of hydrogen and oxygon. It appears, then, tliat most 
organic compounds are charred by sulphuric acid. 

Cano-sugar> milk-sugar, grape-siigai*, starch, lactic acid, tartaric acid, 
and citric acid, boated with excess of oil of vitriol, become gradually, 
charred, at first giving olT pure carbonic oxide gas; ami it is only at a 
later stage of the process—the heat being continued—Unit this gas 
becomes mixed with carbonic acid and sulphurous acid; so that the car¬ 
bonic oxido appears to be formed, not from the oxygen of the sulphurio 
acid, but from that of the organic compound, in couscguonco of the 
decomposition caused by the formation of water. This supposition is 
corroborated by the fact that compounds consisting wholly of curbon and 
hydrogen, are capable of yielding largo quantities of carbonic iioid, but 
no carbonic oxide.—h'ats, most volatile oils, rosins, stearic acid, oloio 
acid, &o., treated with oil of vitriol, form—with evolution of heat—a 
coloured mixture, which chars when further heated, giving o/l'.sulphurous 
acid, carbonic acid, and frequently also formic acid.—On the contrary, 
many volatile oils, such as rock-oil, and volatile acids, e, (/., o.iproio, 
■valerianic, and butyric acid, pass off for the most pai't, umlocomposod, 
when heated with oil of vitriol.—Acetic acid escapes decomposition com¬ 
pletely, inasmuch as it volatilises when heated. 

Of. Peculiarly remarkable is the production of formic acid and furfnrul 
(a Mttd. of volatile oil) which distil over when saw-dust, bran, (lour, 
stacOh, OB sugar is heated with a mixture of equal volumes of oil of 
vitriol and ■water #11 it begins to char. 

• v OOTipounds remain undecomposod when troiited 

with oil of vitriol, eapeoially at a boiling heat; such, however, is the case 
withmcllitteiaeidv 


ny piiospiiomc acid. 
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B. Action of Dilute SnljjJiunc Acid, 

Certain otlier of the etrongor acids often exhibit tlie same action. 

a. In some cases, the dilute acid, from some unknown causes, induces 
tbe organic compound, at a boiling heat, to take hydrogen and oxygon in 
equal numbers of atoms from the watov, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled "with Tcry 
dilute acids, are converted into grape-sugar. 

b. In other cases, on tho contrary, it withdraws Wdrogon and oxygon 

fi'om the compound, in equal numbers of atoms.—Snligonin, C*‘I-]®0'‘, is 
thus convorted into saliretin, and 2HO. Saligonin undergoes tho 

same decomposition when boated per se above 150". 

c. In amidogen-componnds, it induces, by predisposing adinity, the 
formation of ammonia and docompoaition of water, tho oxygon of which 
p.isses over to the organic compound.—Oxamido, C‘H‘N'‘0*, is resolved 
with decomposition of 4HO, into oxalic acid, C‘I-PO“, and 2NH®'; aspa- 
ragln, C®H®N’‘0“, witli 2HO, into aspartic acid, C^IPNO” and NIP.— 
Thoso transformations are likewise produced by water alone; but only 
at a strong heat, such as can bo iin;«irtod to tho water in sealed glass 
tubes. 

cl. Boiling dilnto sulphuric acid soniotimos, though rarely, causes an 
evolution of carbonic acid, formod from tho oxygon of tho organic com¬ 
pound.—Tims, inoomiio acid, C'^I-PO*', hoilod with diliito sulphuric or 
hydrochloric acid, gives olT 2CO’, and is convortod into comonio acid, 

e. Grapo-aiigar, boiled for a long time with very dlluto sulphurio acid, 
is convortod into a mouldy siihstauoo and a suiall quantity of formic 
acid. 


11. Decompositions by Flwsphonc Acid. 

Anhydrous phosphoric acid acts, by virtue of its water-forming 
power, liko concontratod sulpluiric acid; but tho decomposition which it 
causes is much less profound, partly bocaiuso it has less allinity for ^vato^ 
and ammonia, and partly bocanso it retains its oxygon mucli more tena¬ 
ciously. It is thoroforo spocially adapted for docompoHitimiH in which it 
is dcsirod to abstract water without producing any strimgcr action. 

By distillation with anhydrous phosiihorio acid, which takes up 2 At. 
HO, alcohol, CHPO’, is couvertoil into uluilant gas, C‘II‘ (a ooucautratod 
solution of phosphoric acid lilcowiso forms with alcoliol a cortain (puantity 
of other); fusol-oil, C‘°IP‘0”, into ainyloiio, C""!!'", and polymono com¬ 
pounds of tho aamoj camphor, C“'’ir''(3*, into ciunphono, bornool, 

into bornoono, C”IP" ; jiopporniiiit-oamiihor, C*'’II”’0'’, into 
inonthono, C™!!'®; othal, C’‘‘II''"0“j into cetouo, lint oil of hittor 

almonds, oil of ciimamou, and aiiiso-ctMuphur, do not suflbr this dooompo- 
sition into water and a hydrocarbon, wliou lioatod with anhydrous ])hoH- 
jihorio acid.—Oxalic acid boated with concontratod phosiiliorio aoid is 
dooomjmsod in tho samo manuor as with oil of vitriol. Cortain emn- 
pomid.s, a.s ahloliydo, camplioric aoid, and umanthol, aro oven blackonod 
by phosphoric acid. 

Plioajiliorio aoid likowiso transfonns certain compounds into others 
isomeric with thorn, ami forms a few Ooiniluied rimphorio acids (q, v.), 
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■white the water 2 irouucecl by the decompositioii is separatetl.—^bubstitu- 
tlon, p. 74); e. gi., SulphobeiiKkle. 

e. With many organic comiionnds sultihurio acid unites and forms 
various kinds of copulated, sulphuric acids, q. v.; the combination being 
often attended with scjiaratiou of water. 

f. The oxygen of the sulidiiiric acid not only forms rvatcr with tho 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide witli its carbon. A large proportion of the sulphuric acid is thereby 
partly converted into sulphurous acid, and partly oven reduced to tho 
state of sulphur.—Tho organic compound, wholhor it dis.solvcs in tho oil 
of vitriol or not, frequently assumes at first a deep rod, orango-ycllow, 
violet or other colour; which, however, if tho action of tho acid bo con¬ 
tinued, is converted into brown and black. The volatile deeonniosition- 
produots, such as formic acid, acetic acid, and furfund, often produced 
from the organic compound, pass oil' together with tho mixture of carhouio 
acid, carbonic oxide, and snljihurous acid gas. Tho residue gonorally 
contains at first a black resin, with which suliihuric acid is intlmatoly 
combined; also a brown matter which is soluble in water and in alcohol, 
likowiso contains sulphuric acid, and, on account of its property of pre¬ 
cipitating gelatin, is called sulphate of artificial tannin; often likowiso a 
mouldy substance, and sulphuric acid coupled with an organic compound. 
If tho action of tho acid ho still further continued, siiliihur is often 
suhliniod, and tho sub.stancos just uicntioncd uuito into a body called 
sulphate of carbon (^Schwefelsaure Kohle), which is iiisoluhlo belli m water 
and in alcohol—likewise contains sulphuric acid, or somo oUior foviii of 
sulphur, so intimately combined that it cannot ho oxtraotoil by alkalis— 
and is, moreover, distinguished from true cliarconl by coiitainiiig a consi¬ 
derable amount of hydrogen and oxygen. It ap 2 )oars, then, tliat most 
organic compounds aro charred by sulpluirio acid. 

Cane-sugar, milk-sugar, grape-isugar, starch, lactic acid, tartaric acid, 
and citric acid, heated with excess of oil of vitriol, hecomo gradually 
charred, at first giving off pure carbonic oxide gas; and it is only at a 
later stage of tho process—the heat being continued—that ibis gns 
becomes mixed with carbonic acid and sulphurous acid; so that tho car¬ 
bonic oxide appears to be formed, not from tho oxygen of tho sulphnrio 
acid, but from that of tho organic compound, in consequonoo of tlio 
decomposition caused by the formation of water. This suiipimition is 
corroborated by the fact that compounds consisting wholly of ciirhun and 
hydrogen, are capable of yielding largo quantities of carbonic ncid, but 
no carbonic oxide.—Fats, most volutilo oils, rosins, stoario acid, ololo 
acid, &c,, treated with oil of vitriol, form—with evolution of boat—a 
coloured mixture, which chars when further boated, giving off sulphurous 
acid, carbonic acid, and frequently also formic acid.—On tho contrary, 
many volatile oils, such as rock-oil, and volatile acids, «. f/., caproio, 
valerianic, and butyric acid, pass off for tho most part, umiocrmiposod, 
when heated with oil of vitriol.—Acetic acid cscapjos docompositiou com¬ 
pletely, inasmuch as it volatiliees when heated. 

o< Peculiarly remarkable is the production of formic acid and furfiirol 
(a idn.4 of volatile oil) which distil over when saw-dust, bran, (lour, 
atajroh^ O* augar is heated with a niixtiiro of equal volutnos of oil of 
vitriol and water tiil it begins to char. 

• compounds remain undecomposod when treated 

w.tl, fl.i „f howovor, is tho case 



ilY PIIOSMIOIUC ACID. 
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B. Action of Dilute Sulpliwic Acid. 

Certain other of tho stronger acids often exhibit the same action. 

а. In some cases, tho dilute acid, from some nnlcnown causes, induces 
the organic compound, at a boiling heat, to take hydrogen and oxygen in 
equal numbers of atoms from tho water, and thoroby form n now coin- 
ponml.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with Ycry 
dilute acids, are oonvortod into grape-sugar. 

б. In other cases, on tho contrary, it withdraws l^drogou and oxygen 
from the compound, in equal numbers of at<mis.—Saligonin, C^^I-PO'*, is 
thus convortod into saliretin, C^HW, and 2HO. Snligeniu undorgoos tho 
same decomposition when heated ijer sc above 150“ 

c. In amidogen-compounds, it indiioos, by predisposing affinity, tho 

formation of ammonia and docompoaitioii of water, tho oxygon of which 
passes over to the organic compound.—Oxiunido, C'H'N’O^, is resolved 
with dooomposition of 4HO, into oxalic acid, C'lPO®, and 2NIi’; nsjm- 
ragin, with 2HO, into aspartic acid, C“II''NO’’ and NI-P.— 

These tranaforniationa are likewise produced by water alone; but only 
,at a strong boat, snob as can bo im 2 >artod to tho water in sealed glass 
tubes. 

d. Boiling dilute sulpivuric acid Bomotimos, though ravoly, causes an 
evolution of carbonic acid, formed from tho oxygen of the organic com¬ 
pound.—Thus, mooouio aoid, C'^IPO’'*, boiled with dilute snlpluirio or 
hydrochloric acid, gives off 200’, and is convortod into comonio acid. 

e. Grape-sugar, boiled for a long timo with very dilute sulpburio acid, 
is convortod into a mouldy subatanco and a small quantity of formic 
acid. 


11. Decompositions hy Phosphonc Acid. 

Anhydrous pliosiiborio noid acts, by virtue of its wator-forming 
power, liko concentrated suipbnric acid; but tho decomposition wliicb it 
causes is niiioh loss profound, partly bocamso it has loss alliiiity for wator 
and ammonia, and partly bocauHO it retains its oxygon nnicli more lona- 
oioiisly. It is thoroforo spooially adajitod for docomjjoHitioiiH in wliich it 
is dosirod to abstract wator without jiroduciiig any stroiigor action. 

By distillation witli anhydrous i)lu)spliorio aoid, wliioh takes up 2 At. 
Ho, alcohol, CHPO’'*, is couvortoil into olefiant gas, Cdl* (a ooncoiitratod 
solution of phosiihorio aoid lilcowiso forms with alcohol a certain ejuantity 
of other); fnsol-oil, C"’II'®0*, into amylono, C"’!!'", and polymorio com¬ 
pounds of tho same; caraidior, C^°IP“(P, into catnphono, G“*’fl''‘; bornool, 
C“l-r®0’, into boruoouo, C”!!*" ; poppormiut-camjihor, C“IP‘’0“, into 
moathoiio, C“H'®; othal, into cotoue, C'''HP''‘. But oil of bittor 

almonds, oil of cinnamon, and aiiiso-cantjdior, do not siifl'or this dooonipx)- 
sition into wator and a liydrooaxbon, wlion hoalod with anhydrous plios- 
jihoric aoid.—Oxalic aoid boated with ooncoiitratod yhosjiliorio aoid is 
doooiiijwsod in tho same manner as with oil of vitriol. Cortfiin coiii- 
pomids, as aldoliydc, camphoric aoid, and miiaiitliol, arc oven blackonod 
by ])liosjdiorio noid. 

riiosjiliorio aoid likowiso transforms certain coinpomuls into olliors 
isoniorio with thoin, ami forma a fuw Oojmlnted Phosphoric acids {q. v,). 
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■vvliile tlie water produced by the decomposition is separated.—(Substitu¬ 
tion, p. 74); e. S'., Sulphobenzide. 

e. With many organic compounds sulphuric acid unitc.s and forms 
various kinds of copulated sulpimric acids, q. v.; the combination being 
often attended witli separation of water. 

/. The oxygen of the sulphuric acid not only forms water with the 
hydrogen of the organic compound, but likewise carbonic acid and carbonic 
oxide with its carbon. A largo proportion of the sulpimric acid is thereby 
partly converted into sulphurous acid, and partly even reduced to the 
state of sulphur.—The organic compound, whether it dissolves in the oil 
of vitriol or not, frciiuontly assumes at first a deep rod, oriuigo-ycllow, 
violet or other colour; which, however, if the action of tho acid bo con¬ 
tinued, is converted into brown and black. The volatile deconipoaition- 
products, such as formic acid, acetic acid, and furfin-ol, often produced 
from tlie organic compound, pass off together with the mixture of carbonic 
acid, carbonic oxide, and snlplinrous acid gas. Tho residue gonondly 
contains at first a black rasiii, with wliich sulpimric acid is intimately 
combined; also a brown matter which is soluble in water and in alcohol, 
likewise contains sulphuric acid, and, on account of its property of pre¬ 
cipitating gelatin, is called sulphate of artificial tannin; often likewise a 
mouldy substance, and sulphuric aeiil coupled with an organic compouiul. 
If the action of tho acid be still further continued, sulpliur is often 
sublimed, and tho sub.stancos just mentioned unite into a bodjr called 
sttlphate of carl/on (Schwefehaure Kohle), which is insohildo both ni water 
and in alcohol—likewise contains sulphuric acid, or some other form of 
sulphur, so intimately combined that it cannot he extracted by iilkalis— 
and is, moreover, distinguished from true charcoal by containing a consi- 
dorublo amount of hydrogen aud oxygon. It appears, tlion, that most 
organic compounds are ciiarred by sulphuric acid. 

Cane-sugar) milk-sugar, grape-sugar, starch, Inetio acid, tartaric aoid, 
and citric acid, heated with excess of oil of vitriid, hocomo gradually- 
charred, at first giving off pure carbonic oxide gas; and it is only at a 
later stage of tho process—the lieat being continued—iliat this gns 
becomes mixed with carbonic acid and sulpliurous acid; so that tho car¬ 
bonic oxide appears to be formed, not from tbo o.xygcn of tbo snlpluirio 
acid, but from, that of tho organic compound, in conscquonco of tho 
decomposition caused by tho formation of water. This en})i)osilion is 
corroborated by tho fact that compounds consisting wholly of carbon and 
hydrogen, are capable of yielding largo quantities of carbonic acid, but 
no carbonic oxide.—Fats, most volatile oils, rosins, stcario aoid, oloio 
acid, &c., treated with oil of vitriol, form—with evolution of boat—a 
coloured mixture, which chars when further boated, giving ofV sulphurous 
acid, carbonic acid, and frequently also formic aoid.—On the contrary, 
tnauy volatile oils, such as rock-oil, and volatile acids, e. (/., caproio, 
valerianic, and butyric acid, pass off for the most part, undecomposed, 
when heated with oil of vitriol.—Acetic acid escapes decomposition com¬ 
pletely, inasmuch as it volatilises when heated, 

" Peculiarly remarkable is the production of formic acid and fnrftirul 
(a mad. of volatile oil) wliich distil over when saw-dust, bran, flour, 
atac^, OB augar. is heated with a mixture of equal voluinos of oil of 
vitriol and wiitet 4U1 it begins to char. 

• compounds remain undooomposod when treated 

with oiwTwjitMOl, especially at a boiling heat; such, liowovcr, is tlioense 
with mellittOiaiiid. - * . ^ > 


ny piiosMionic acid. 
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B. Action of Dilute BuVphuric Acid. 

Certain other of the etrongor aoida often exhibit tlio same action. 

a. fn some cases, tho dilute acid, from some unknown causes, induces 
the organic compound, at a boiling heat, to take hydrogen and oxygon in 
equal nunibors of atoms from tlio wator, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, are convertod into grape-sugar. 

b. In other cases, on tho contrary, it withdraws hydrogen and oxygen 

from tho compound, in equal numbers of atoms.—Saligoiiin, is 

thus convertod into aalirotin, and 2HO. Saligoniii undorgoosthe 

same decomposition when boated 2 }er se above I50“. 

c. In amidogen-compounds, it inducos, by predisposing aflinity, tho 

formation of ammonia and decomposition of water, tlio oxygon of which 
passes over to the organic compound.—Oxamido, C'‘H'‘N“0*, is resolved 
with decomposition of 4HO, into oxalic acid, and 2NI-P; aspa- 

rngiii, with 2HO, into aspartic acid, OT-PNO® and NI-I“.— 

Tlioso transformations arc likewise produced by water alone; but only 
at a strong boat, snob as oan bo impirtod to tho walor in soak'd glass 
tubes. 

d. Boiling dilute sulphurio acid somotlmos, though rarely, causes an. 
evolution of oarbouio acid, formed from tho oxygon of tho organic oom- 
pouml.—Tims, mooonio aoid, C'^IPO’*, boiled with diluto sulphuric or 
hydrochloric acid, gives ofl.' 2CO’, itiul is converted into comonic acid. 

e. Grape-sugar, boiled for a long timo with vory diluto sulphurio acid, 
is converted into a mouldy substaiioo and a small quantity of formic 
acid. 


11. Decompodtions by riusphoiie Acid. 

Anhydrous pliosphorio aoid acts, by virtue of its wator-forming 
power, like coneontratod suipbutio acid; but tho decomposition which it 
causes Is much Joss profound, partly bocau.so it hns loss allinity for wii,tor 
and ammonia, and partly booauso it retains its oxygon iiiucli inoro (oua- 
ciotisly. It is thoroforo specially adapted for decompositions in which it 
is dosirod to abstract water without jiroduciiig any strongor action. 

By distillation with anhydrous phosphoric acid, wliinli takos up 2 At. 
HO, alcohol, CIPO''*, is coiivortod into olefiant gas, CII* (a coneontratod 
solution of pliosphorio acid likewise forms with alcohol a certain (jiiuntity 
of other); fusol-oil, C'“ir’0'’, into amylono, G'"!!"’, and polymorio com¬ 
pounds of tho same; camphor, C“°1I‘''0’, into oaiuphono, C’"!!''*; bornool, 
C“H'®0’, into bornoono, C”!!'" ; popiionniiit-oaniplior, into 

monthouo, G*"!!’®; othal, C“®IP‘0’, into ootono, C®’1P’. But oil of bittor 
almonds, oil of cinnamon, and aniso-oannihor, do not suflbr this doooinpo- 
sition into water and a liydrooiudion, when hoatod with anhydrous plios- 
jihoj'ie aoid.—Oxalic aoid hoatod Avith coneontratod phosphoric aoid is 
doooinposed in the same manner as with oil of vitriol. Cortain com¬ 
pounds, iis aldehyde, camphoric aoid, and eunanthol, arc oven blackonod 
by ])hos])lioric aoid. 

I’liosjihorio aoid likewise transfoniis corlaiii compounds into othora 
isomorio with tlioiii, and forms a few Co 2 iula(ed J'Implioric acuh (q. v.). 
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ofton attended with separation of water. 

f. Tlie oxygen of tlic sulphuric acid not only forms water with the 
hydrogen of the oj’ganic compound, but likewise carbonic acid and carbonic 
oxide with its carbon. A large proportion of the sulphuric acid is thereby 
partly converted into sulphurous acid, and partly oven reduced to the 
state of sulphur.—The organic compound, whetlior it dis.solvos in tho oil 
of vitriol or not, frequently assumes at first a deep red, oraiigo-ycllow, 
violet or otlior colour; which, however, if tho action of tho acid bo con¬ 
tinued, is converted into brown and black. The volatile decomposition- 
products, such as formic acid, acetic acid, and fiirfurol, ofton produced 
from tho organic compound, pass off together witli tho mixture of carhoiiio 
acid, carbonic oxido, and sulphurous acid ga.s. The residue gonorally 
contains at first a black resin, with wliich sulphuric acid is intimately 
combined; also a brown matter which is soluble in water and in alcohol, 
likowiso contains sulphuric acid, and, on account of its proportjy of pre¬ 
cipitating gelatin, is called sulphate of artificial tannin; often likewise a 
mouldy substance, and sulphuric acid coupled with an orgnnio compouml. 
If tho action of tho acid be still further continued, sulphur i.s ofton 
suhlimed, and the suhstancos just mentioned uiilto into a liodjy called 
sulphate of carbon (Schwe/elsaw'e Kohle), wliich is iusoluhio holli lu water 
and in alcohol—likewise contains sulphuric acid, or some othor form of 
sulphur, so intimately combined that it cannot bo oxtriictod by alkalis— 
and is, moreover, distinguished from true charcoal by containing a consi¬ 
derable amount of hydrogen and oxygon. It appears, thou, that most 
organic compounds arc charred by sulpniirio acid. 

Cane-sugar, milk-sugar, grape-sugar, stal'd), lactic ncid, tartnrio acid, 
and citric acid, lieatod with excess of oil of vitriol, bccoino gradually 
charred, at first giving ofif pure carbonic oxido gns; and it is only at a 
later stage of tho process—tho heat being contiiuiod—that this gas 
becomes mixed with carbonic acid and sulphurous acid; so that tho car¬ 
bonic oxido appears to be formed, not from tho oxygon of tlio snlphiirio 
acid, but from that of tho organic compound, in conscqnnnco of tho 
decomposition caused by the formation of water. This supposition is 
corroborated by the fact that compounds consisting wliolly of carbon and 
hydrogen, are capable of yielding largo quantities of carbonio iicid, but 
no carbonic oxide.—Pats, most volatile oils, rosins, stoardo add, uloio 
acid, &o., treated with oil of vitriol, form—with ovolution of heat—a 
coloured mixture, which chars when farther hoatod, giving off sulpliutoim 
acid, carbonio acid, and frequently also formic acid.—On tho contrary, 
many volatile oils, such as rock-oil, and volatile acids, e. r/., c.iproio, 
valerianic, and butyric acid, pass off for the most part, nmicoomposod, 
when heated with oil of vitriol.—Acetic acid cscapos decomposition com¬ 
pletely, inasmuch as it volatilises when heated. 

remarkable is the production of formic acid and fiirfurol 
(«• 83^ (d volatile oil) which distil over when saw-dust, bran, flour, 
Staton, on stigat is heated with a mixture of equal volumes of oil of 
vitriol and ■water till it, hegins to char. 

. OTganve (jojnpounds remain undecoinposoil wliou treated 

^\h raelliticMid *^^^^*^^*^*^^^*^*'*® tliooaso 




ny niospHORic acid. 
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B. AcHoii of Dilute Suljihmie Acid. 

Certain other of the stronger acids often exhibit tlio same action. 

a. In some cases, the dilute acid, from some unknown causes, induces 
the organic compound, at a boiling heat, to tako hydrogen and oxygon in 
equal numbers of atoms from the water, and thereby form a now com¬ 
pound.—Starch, cane-sugar, milk-sugar, and dextrin, boiled with very 
dilute acids, are converted into grape-sugar. 

l>. In other cases, on the contrary, it witlidrawe hydrogen and oxygon 
from tlio compound, in oq^ual numbers of atoms.—Saligonin, C“H®0*, is 
thus converted into salirotin, and 2HO. Saligonin undergoes tho 

same decomposition when heated )>er se above 150°. 

c. In ainidogen-compounds, it indnoos, by predisposing affinity, tho 
formation of ammonia and decomposition of water, tho oxygon of whioh 
passes over to the organic compound.—Oxamido, C^IPN^OS is resolved 
with decomposition of 4HO, into oxalic acid, C’l-PO®, and 2NH®; asjm- 
ragin, C®I-PN“0“, with 2110, into aspartic acid, C^IPNO" and NI-P.— 
Those transformations arc likowiso produced by wator a.lO!io; but only 
at a strong heat, such as can be iinikartod to tho wator in sealed glass 
tubes. 

d. Boiling diluto sulphuric acid soniotiinos, tliougb rarely, causes an 
ovolution of carbonic acid, formed from tho oxygon of tlio organic oom- 
pound.—Tims, mooonio aoid. C^IPO'*, boiled with diluto snlpluirio or 
liydroclilorio acid, gives oA' 2C0’, and is convortod into comonio aoid. 

e. Grape-sugar, boiled for a long tiino with very diluto snlpluirio acid, 
is convortod into a mouldy substanoo and a small quantity of formic 
acid. 


11. Decompoailions hy Phosphoi'ic Acid, 

Anhydrous pliospliorio aoid acts, by virtue of its wator-forniing 
power, like concentrated sulphuric aoidj but tho decomposition which it 
causes is much loss profound, partly bocanso it bns loss allinity for water 
and ammonia, and partly bocauHO it retains its oxygon much mnro tona- 
oioiisly. It is thorofovo specially adapted for dccompoBitimm in which it 
is desired to abstract water without producing iiuy Htruiigor action. 

By distillation with anhydrous pliospliorio acid, whioh talcoH up 2 At, 
HO, alcohol, CHFO^, is converted into olufiant gas, CH* (a ooucoiitratod 
solution of pliospliorio aoid likowiso forms with alcohol a cortaiu quantity 
of otlior); fiisol-oil, into ainyloiio, C'"!!"', and polymeric com¬ 
pounds of tlio same; oamplior, C'"II“'6’, into campliono, bornool, 

into bonioono, C®’II''' ; poppormint-oaiuplior, C^Il^O*, into 
moiithono, ollinl, into cotono, C“’IP'h But oil of bitter 

almonds, oil of cinnamon, and aniso-caniiihor, do not suflbr this decompo¬ 
sition into wator and a bydrocorhon, when hoatod with anbydrons plios- 
]>lu)i'ic acid.—Oxalic acid hoatod with coucontratod pliospiioric aoid is 
decomposed in the same manner as with oil of vitriol. Certain com- 
pournhs, as aldoliydo, canipliorio aoid, and aniantlial, are even blaclconod 
by pliospliorio aoid. 

I’liosjiJiorio acid likowiso transfonns coriaiu compoumls into others 
isoiiioric with tlioni, ami forms a few Oopuluied Phoqvwric aciih (q. i>.). 
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12. Decompositions hy PentacJiloride of Pliosphorns. 

This substance bas no action upon liydrocarbons, but acts violently 
on organic compounds containing oxygen. It generally withdraws 2 At. 
oxygen from tho compound and substitutes I At. chlorine for 1 At. 
hydrogen, so that it is hereby converted into tho volatile compound 
POFO“ (II., 330).—The alcohols, e. <]., wood-spirit, common alcohol, fusol- 
oil, and ethal, are converted by pentachloride of phosphorus into liydro- 
chloi'io ethers [chlorides of the mdicals]: thus, 

Fusd-oil! C'n-1'20’ + PCF = C'OHi'Cl + PCFO^ + HClj 
Etlial; + PC1« = C^IPSCl + Ptl-’O'! + HCl. 

The pentachloride of phosphorus likewise acts violently on phenous acid 
and anisol, yielding new products; similarly on benzoic, cinnamic, cuminic 
and anisic acids. Thus with benzoic acid: 

C“H=0< + PCP = C»IISC102 + rCl“0= + HCl; 
and with anisic acid; 

C“H®0" + PCP = C“IHC10< + PCPO= + HCl. 

Comp, Dumas & P^Iigot (Ann. Chim. Phys. C2, 14; Cahours, Compt. 
rend, 22, 846). 


13. Decompositions hy Metallic Chlorides. 

Chloride of zinc acts, at high temperatures, by formation of water; 
and, accordingly, like phosphoric acid, it converts alcohol into other, 
fusel-oil into amylcno, camphor into camphene, &c. 

Chloride of autimonjy and chloride of arsenic act liko chloride of 
phosphorus, the metal withdrawing oxygon from tho organic compound, 
while tho chlorine acts upon tho residue.—Thus, those chloridos distilled 
with alcohol yield hydroohloric other; perhaps in this manner: 

3C'H''0’ + SbCF = 3CWC1 + 3110 + SbO". 


14. Decompositions hy Pei'oxides. 

Of all these compounds, tho brown peroxide of lead is most disposed 
to give up its oxygon to organic compounds; then follows red-load, and 
then the peroxides of manganese and nickel. 

a. Dry peroxides often produce fiery decomposition; e. g., when per¬ 
oxide of load is triturated with tartaric acid, racemic acid, fused citric 
acid, or effloresced oxalic acid. 

h. In presence of water, the chief product is carbonic acid.—Peroxide 
of lead, oven at medium temperatures, converts aqueous tartaric, racemic. 
Or mucio acid into carbonic and formic acid; it likewise decomposes 
aqueous citric and gallic acid, but without formation of formic acid.—At 
a boiling heat, it converts sugar into ciirbonic and formic acid (peroxide 
of manganese does not decompose sugar); hippuric acid into benzamide, 
carbonic acid and water; alloxan into urea, oxalic acid and carbonic acid; 
uric acid into urea, allantoin, oxalic acid and carbonic aoid.—Benzoic 
acid and salicylous aoid resist its action, even at a boiling heat, 
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c. Tlio peroxides of lead, inanganoso, &o., oxort a much stronger 
oxldizinp; action when heated with dilute sulphuric acid.—In this inaimcr, 
oxalic iioid is converted into o.arbonic acid and water; alcohol into ahlo- 
hydo, formic acid, acetic acid, &c.; sugars, gum, and starch into formic 
acid, carbonic acid, &o.j tartaric and saccharic acid into formic and car¬ 
bonic acid; saligonin into the same products (whereas with chromate of 
potash and dilute aulphurio acid, it yields salioylous acid); Irinio acid into 
chinouo; amygdalin into lorniic acid, bittor-almond oil, ammonia, &o.; 
narcotirio (by peroxide of manganoso and sulphuric noid^ into cotarnlne 
and opianio acid; and this last substance (with peroxide of load and 
sulphuric acid), by simply taking up oxygon, is coiivortod into lioinipinio 
acid. 

IT Albuinon, fibrin, casein, or gelatin boated with dilute sulphuric 
acid and poroxido of inanganoso, yields a distillate consisting partly of 
neutral and piu'tly of acid products. With casein, tho nontral portion of 
tlio distillate consists of tho aldidos of certain acids of tlio sorios 
(CI-I)''0‘, viz., common aldohydo, C‘H‘0'^, 2 >ro])ionio aldido, C“1P0''‘, and 
butyric aldido, C‘'I-PO’, togothor with oil of hitter almonds; tho acid 
portion, of formic, acotic, propionic, butyric, valerianic, c:i.prnic, and 
bonzoic acids. Albiiinon, fibrin, and geln.l.in gavo tho samo neutral pro¬ 
ducts, oxcojiting that the first tvi'oyioldod but small ninuititioaof aldohjrdo, 
and the third none; butyric aldido was most irbimdantly proilnecd Iroiu 
fibrin. The acid products woro also similar, with tlio oxcoptiou of jiro- 
pionio acid, which was not found; tho largost jiortioii of tho aciil distillate 
ooiisistod of formic and acotio acid; butyric acid wns obtainod most 
abundantly from fibrin, valorianio acid from gelatin; bonzoie acid was 
prosont in small (jufl.iitity only.—Tho chief dillbronco hotwoon tho action of 
poroxido of manganoso ami that of oliromio acid on those snlistanoos, 
appears to bo that tho formor yields Aciila, e, cj,, formic ami valorianio,—■■ 
tho lattor, tho Nilriks of tlioso acids (comp. p. .127); for hydrooyauio 
acid may bo regarded as formic nitrilo rNIP,C“HO* —'1116=0*1^1. 
(Quokolboigor, Ann. I’hann. 04, 39; abst. U/um. Oaz. 1848, 89 and 114; 
Jahresher. 1847-8, 847-854.) IT 


1.5. Decompodtions hj the Basic Oxides of the Ihavy AfetaU. 

Many organic compoiiiuls %vitlidraw from basic lioavy uietalUc nxidoH, 
prosontod to tlioni either in tho free state or dissolved in aoids, the udmle 
or a part of thoir oxygon, souiotimoH oven in the dark a.n(l at crdiiuu'y 
tomporaturos, sonictiinoB only whim cxjioHcd to light, especially to diiiict 
sunshiiio, or whan heated. Tho oxygen tlius taken up oitlior hrings tho 
organic coinponnd to a higher dogroo of oxidation, or takes a.way part of 
its hydrogon, or dooomposcs it still inoro complotoly with formation of 
carbonic acid. 

Many of tlioso docoinpositioiis of alcohol and other wliioh taka place 
only in sunshino, or on tho aiiplication of boat, and in wliioh tho alcohol 
is iii'ohahly couvortod into aldohydo, have boon already moiitioiiml 
(I., 171). _ 

Tho oxido.s of tho iiohlo motals aro rothicod with tho groatost facility, 
and in most caso.s complotoly. fiioxide of Osmium, is rcdnccil hy iilcnlml, 
other, tannin, opldormis (VI., 407 );—chlonrulinle of amviovhim by exiilio 
acid when exposed to light.;— jdalinum-salts by fonniaLos, oxiilaios, tar¬ 
trates, alooliol, or sugar (VI., 284). 
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12. Becompositions hy Pentacldoride of Phosphorus. 

This substance has no action upon hydrocarbons, but acts violently 
on organic compounds containing oxygen. It generally withdraws 2 At. 
oxygon from the compound and substitutes I At. chlorine for 1 At. 
hydrogen, so that it is hereby converted into tho volatile compound 
PCPO'"' {II., 330).—The alcohols, e. g., wood-spirit, common alcohol, fusel- 
oil, and ethal, are converted by pentacldoride of phos23horus into hydro¬ 
chloric ethers [chlorides of the radicals]: thus. 

Fusel-oil: C‘»[l>202 + PCI® = C'<>H''C1 + PCFO= -r HCl; 

Etlial; + PCI® = C»U8®C1 + PCFO^ + HCl. 

The pentacldoride of phosjjhotus likewise acts violently on phonoua acid 
and anisol, yielding new products; similarly on benzoic, cinnamic, cuminic 
and aiiisio acids. Thus with benzoic acid: 

Chh®o< -t PCI® = C«H®C102 H- PCFO^ + HCl; 
and -with anisic acid: 

C“H®0® + PCI® = C'»IHC10' -H PCPO^ + H Cl. 

Comp. Dumas & Peligot (Ann. Chim, Phys, C2, 14; Cahours, Gempt. 
rend. 22, 846). 


IS. Decompositions hy Metallic Chlorides. 

Chloride of zinc acta, at high temperatures, by formation of water; 
and, accordingly, like phosphoric acid, it converts alcohol into other, 
fusel-oil into amyleno, camphor into camphene, &o. 

Chloride of antimonjr and chloride of arsenic act liko chloride of 
phosphorus, tho metal withdrawing oxygen from tho organic compound, 
while tho chlorine acts ujion the residue.—Thus, these chlorides distilled 
with alcohol yield hydrochloric other; perhaps in this manner; 

3C'H"02 + SbCP = 3C-iH®Cl + 3HO + SbO®. 


14. Decompositions hy Peroxides. 

Of all these compounds, tho brown peroxide of load is most disposed 
to give up its oxygen to organic compounds; then follows rod-load, and 
then the peroxides of manganese and nickel. 

a. Dry peroxides often produce fiery decomposition; e. g., when per¬ 
oxide of load is triturated with tartaric acid, racemic acid, fused citric 
acid, or effloresced oxalic acid. 

h. In presence of water, tho chief product is carbonic acid.—Peroxide 
of lead, evon at medium temperatures, converts aqueous tartaric, racemic, 
Cr raucio^ acid into carbonic and formic acid; it likewise decomposes 
aqueous citric and gallic acid, but rvithout formation of formic acid.—At 
a boiling heat, it converts sugar into ciirbonio and formic acid (peroxide 
of manganese does not decompose sugar); hippuric acid into bonzamide, 
carbonic acid and water; alloxan into urea, oxalic acid and carbonic acid; 
uric acid into urea, allantoin, oxalic acid and carbonic acid.—Benzoic 
acid and salicylous acid resist its action, even at a boiling heat. 


c. Tlio peroxides of lead, luan^incso, &o., exert a iinieli stroiij^er 
oxidizinir aotiou wlion heated with dilute sulphuric acid,—In this maiinor, 
oxalic acid is converted into carbonic acid and water; alcohol into alde¬ 
hyde, formic acid, acetic acid, &o.j sugars, gum, and starch into formic 
acid, carbonic acid, &o.; tartaric and saccharic acid into formic and car¬ 
bonic acid; saligcniii into the same jiroduots (wboroas with chromate of 
potash and dilute sulphuric acid, it yields salioylous acid); Icinio acid into 
chinono; amygdaliu into formic acid, bittor-almoiul oil, ammonia, &o.; 
narcotirio (^by poroxido of manganoso and sulphuric aoidj into cotarnine 
and opianic acid; and this Inst suhataiico (with poroxido of load and 
sulphuric acid), by simply taking up oxygon, is coiivortod into hoinipiuie 
acid. 

IT Albiiinon, fibrin, casein, or gelatin boated with dilute sulphuric 
acid and poroxido of manganoso, yields a distillate consisting partly of 
neutral and partly of acid products. With casein, the neutral jiortioii of 
the distillate consists of the aldidos of certain acids of tlio series 
(CH)"0*, vis!., common aldehyde, C*I-PO“, propionic aldido, C“1P0“, and 
butyric aldido, C'’H''0“, togotlior with oil of bitter almonds; the acid 
jiortiou, of formic, acetic, propionic, butyric, valerianic, caproic, luul 
bonznic acids. Albiimon, fibrin, and gelatin gave tho same iioutral pro¬ 
ducts, oxcoptiiig that tho (Irst two yielded hut small (uiautiticH of aldohydo, 
and tlio third none; butyric aldido was most abmidantly produced I'rom 
fibrin. Tho acid products wore also siniilai', with tlio oxcoption of jiro- 
pioiiic acid, which was not found; tlio largest jiortion of tho acid distlllato 
consisted of forinio and aeotio acid; butyric acid wns obtained most 
abundantly froui filiriu, valerianic acid from gelatin; boiizoio acid was 
present in small quantity only.'—'Tho chief ilillbroiice botwocu tho action of 
poroxido of manganoso and that of ohroiiiio acid on tlioso snlmtanoos, 
appears to bo that the former yields Acids, e. y., forinio and valjonaiiio,- • 
tho latter, tho Nitriles of thoso acids (comp, p. 127); for hydrooyanio 
acid may bo regarded as forinio iiitrilo —4110=0*1 IN]. 

(Guokolborgor, Ann. JPluinn. 04, 39; abst. Gfiem. Qctx. 1348, 89 and 114; 
Jahresher. 1847-8, 847-8,74.) If 


1.5. Decompositions hy the Basic Oxides of the Heavy Metals. 

Many organic eoinpoiiiids withdraw fi'oni basic heavy nictaHic oxides, 
presented to thorn olthcr in tho free stato or dissolved in acids, tho whole 
or a part of tlioir oxygon, somolimoH ovoii in tho dark anil at ordinary 
tomjioratiiros, sonictimos only when oxjKmed to light, ospueially to dii-cnt 
siinshlno, or when heated. The oxygen tliiis l.aktm up oitlior brings tho 
organic compomul to a higher dogroo of oxidation, or takes away jiart of 
its hydrogen, or decomposes it still more completely with formation of 
carbonic acid. 

Many of thoso decompositions of alcohol and other wliioh take place 
only in siinsliiiio, or on tho application of boat, and in which tho alcohol 
is probably converted into aldohydo, have boon already numiioned 

(i-,m). . 

Tho oxides of tho iioblo motals arc rodneod with tho greatest facility, 
and in iiiiwt cuhch ooniplotoly. Bioxide of Osmium is rcdnccil hy alcolio), 
other, tannin, epidermis (VL, 407 );—chlorirUliule of ammonium by oxalic 
acid when exposed to light;— plalinnm-salts hy fiirmiati's, oxalates, tar¬ 
trates, alcoliol, or sugar (VI., 284). 
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Of all tlio motals ffold is most easily ro-duooil from tlio toroxiilo or 
torchlorldo, and in goiioral 2 )ax'tly to tlio motitlHo statOj j)artly to that of 
the red suboxido {comp. VI., 219, 220). 

Silver is reduced from tho oxido or tlio nitmto by formic acid, other, 
aldehyde, volatile oils, gallio acid, tannin, suj^ar, &(;. If tliis reduction 
takes jdace without evolution of gas, the nidoH of tho vosHid hooome 
covorod with a silver mirror; hoiico this nrocoHS may bo usoil for tlio 
silvering of glass. For this purposo tlio following HulmtancoH aro roooni- 
monded, a solution of nitrato of silver being; iiHod, in soino^ casos with 
addition of ammonia: Aldehyde, saccharic acid, ]iyronu'conio iioid, oil 
of cinnamon, cloves, or piinonto, dissolved iii nleohol (an alcoholic solu¬ 
tion of oil of turpontino, or bay-oil, or of guaitut rosin acts los.s >iuiokly), 
grape-sugar, which nets ovon at ordinary tompovaturos, comnnm sugar, 
on tho application of moderate boat, and guni-ivrabic, stiiroh, salioiu, and 
phloridzin, which act only after long boiling; {comp. Stonlionsn, I'hil, 
Mag. J. 26, 175; also Ann. F/uerm. 54, 102; also J, jj)?\ Chem. 05, 143; 
see also VI., 143). 

In some fow organic sulphur-compounds, the sididinr is roplnood by 
tho oxygon of tho silvor-oxido, 8ul])liido of nilvor being forinod at tho 
same time. Thus oil of garlic, OTPS, is converted into oxido of allyl, 
C^IPO. 

Formic acid, with tho aid of boat, redneos morenry frnni mmurio 
otcide, also from morouroso-morenrio or nuifcnric nitrate, and throws 
down calomel from solution of oorrosivo Hiililimnti'. Oxalnto of ammo¬ 
nia likowiso reduoos corrosive sublimato to oahminl. fiidlio acid sopii- 
ratos tho metal from mercuric oxhio and moreiirouH nitrato. lloooiitly 
precipitated morourio oxido yields with alcolml, inotallio mercury and 
acetic acid. Volatile oils separate motallio inorourv from muvourous 
nitrate and calomel from oorrosivo sublimato, bnliig tbemHolvoH more or 
loss converted into rosins. A solution of siig:ar at a boiling heat, oou- 
vorts morenrio oxido or acotato, into morcurans oxido or aeotate, corro¬ 
sive sublimato into oaloniol, and procipitatoH tho motiil from moroiirous 
nitrato. 

An aqueous solution of moronroiis and morourio nitrato togothor, rod- 
dons many suhstanoos rich in nitrogen, tliongh Ibis on’oet is not iiroduood 
by oitlior of thoso salts alone. Gelatin, tbo cellular tissue of the hones, 
serous, mucous, and fibrous membranes, albmnoii, either liqnitl or dried, oo- 
robral substanoo,fibrin, ca8oiu(and tboroforo alno milk), emulsin (and thoro- 
foro also almonds), gluton (and tboroforo also flour), iinimal mucus, horn, 
nails, wool, and silk, molstouod or mixed wilJi solution of morotiroso- 
morourio oxido, exhibit in ton seconds a faint, grailnnlly inoronsing rod- 
doning, which, nt temporaturos bolwoon 40" ami 60", (loetimiH into car¬ 
mine and amaranth. This oolonring sorvoa as an indioation of tho 

f rosonco of thoso suhstanoos in others, e, y., of gin leu in wlioat-ataroL. 
Tho purple colour olianging to black whoa o-xposed to light, wliicdiTs 
imparted to the fuigors by solution of nitrato of morenry, has long boon 
known.] Quinine, cinobonino, picromol, and uric aoid, and likowiso 
obolostorin, which contains no nitrogen, aro coloured yellow by tho mor- 
curoso-morourio solution. Morphino and narootlnn asaumo at first a 
yellow colour, whioh afterwards turns brown. Non-n?.otixod suhstanoos 
(with the exception of obolostorin), also cystic oxide, allantoin, osimuomo, 
and urea, which contain nitrogen, oxbibit tio colouring, (bassaigno & 
LebaVllif, Ann, 0/dm. Fhge, 45, 435; also J, chim. mM. 7, 102.) 

Oupiio otdde is rodnood from its salts, most veailily by certain kinds 
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of sugar, somolinios to cuprous oxido, eomotimos to tho uiotallio state 
(comp. V. 410). _ . , , . 

Many organic compounds roduco ferric salts dissolved in water to 

ferrous salts. , 

Alcohol, oil of turpentine, sugar, gum, and paper ofloot this rcduo- 
tion only at a boiling heat, and thou but imjiorfootly. Grass, hay, saw¬ 
dust, and slijis of wood, produce it in tho cold, and oouiplotoly in about 
throe days. Peat and charcoal produce it in 24 hours, at luodium toni- 
peratures, and in one or two hours at a boiling heat. (Stonhouso, rhil, 
Mag. J. 25, 199j also Ann. Pluirm. 51, 284.) 

Certain sulphur-compounds, such as tho oils of garlic and mustard, 
are converted by peroxide of lead into oxygou-ooinpounds, aulphido of load 
being formed at tho same time. 


16. Decompositions by Fixed Alkalis. 

Tho alkalis act chiefly by their predisposing adinity for auids, 
whereby they convert non-acid substances into acids, and weak acids 
into others of more powerfully acid character. If tho uotiou takes 
place at a high tonijioraturo, carbonic acid is forinoil, togothur with such 
organic acids as are most callable, when in oombinaliun with an alkali, of 
withstanding tho oflbct of heat. On hydrocarbons tho alkalis exert little 
or no action, oven at high toinporaturos, probably buoauso those bodius 
contain no oxygon. 

A. Alkalis dispose organic compounds to lake up oxygon from tho 
ail', thereby forming organic acids, carbonic acid, and other iiroduots. In 
this manner, many compounds which aro permanent in tho air when 
alone, aro decomposed Avhon exposed to tlio air in oontaot with an 
alkali, 

When alcohol, containing potash in solution, is exposed to tho air, 
acetic and formic acids aro tormod togothor with a brown rosiuoiiH sub¬ 
stance. Gallic, pyrogallic, and ollagio aoid, dissolved in an luiueous 
alkali, exhibit, when exposed to tho air, a varied Rucoosslon of colours, 
till they aro ultimately converted into a sulmtunco rosombling humic acid. 
Many ompyrouiuatio oils (piiokly turn brown in tho air when [lolasli is 
added to them.—Uiumatoxylin, tlio colouring mattur of logwood, of 
violets, of hackled hemp, of gall, and of blood, and likowiso ulbn- 
mon, which would keep for a long time in tho air if dissidvoil in walor 
per se, aro (piickly decomposed on tho addition of potash. (Chovroul, 
M6m. du Mus. 1825, 307; also Fogg. 17, 176.) 

B. Out of contact of air, tho fixed alkalis give rise to tho following 
decompositions, the action being often assisted by the prosouco of walor. 

a. Decomposition or splitting of tho organic ooinpound, 

u. A neutral compound parts with hydrogen and oxygon in cnuul 
numbors of atoms, and is convortod into an atml. 

An af|uoous solution of grape sugar, C*'li“0’‘ (or in which 

hydrate of lime has been dis.solvod, is convortod, when set iiHiilc fur wiiiiu 
weeks in a closo vcssol, into kalisacchitrio acid, (.'■'H'H)"'(or (.''■'J 
and on heating the liipiid, this compound iu oouvorlcd into a brown acid 
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/—QzifjSQs QisH‘0''). (PSIigot.) [According to tlio nuclous-tlioory, wo 
inust suppose that iu tins i;onction, a portion _ of tlio oxygen orjgmally 
contained within the nucleus passes to the outside.J 

Or it is converted into an acid by talcing uj) 2 At. hydrogen and 

2 At. oxygen. , . , . . 

Isatin boiled with aqueous potash, is eon verted into 

isatinic ac’id, C'“H’NO". Coniinon camphor, C="II‘”0', passed in the state 
of vapour, under increased jirossuro in a. closed tube, over a nuxturo of 
potash-hydrate and lime heated to 400°, produeos oampholato of potash, 
C^I-r’KO* (cainpholic aoid'=:C“H'“0‘).—Benzoyl, boiled with alcoholic 
potash, forms benzoylic acid, C“H*^0“, which miitos with tlio potash, 
Aiiemonin, OTP“0>“, is converted by boiling witli lupiOouH ]ioUi 9 h into 
aneraonio acid, C”hr‘ 0 “; and camarin, into einnario acid, 

7 . It is converted into an acid by taking upi 2 At. oxygen from the 
alkaline hydrate, and giving off 2 At. hydrogen. 

This transformation is somotimos offoctod by incana of bydrato of 
potash in a state of fusion, tlio organic compound being grailiuiUy added 
to it,—sometimes by moans of potasli-limo, oi‘ Boda-lime (i. e., an inti¬ 
mate mixture of equal parts of burnt lime and hydrate of potash or 
soda, freed by ignition from excess of water), whieh is inoiHlonod with 
the liquid organic substance, and then gently heatod. Most aldidos 
when thus treated, are oonvorted into iiionobaaio acids boleiiging to tlio 
same series. When oil of bitter almonds is inixoil with bydrato ol potash 
in the state of fusion, bonzoato of potash is formed, and 2 At. hydrogen 
are given off: 

c'bi''0’ + Ko,HO = ciPKO* + an. 

Oil of cinnamon yields cinnamato of potash : 

e'«II«0’ + KO.HO = C’lffUKO' -I- 211. 

Salicylous acid yields salicylate of potash: 

C'ffPO' + KO.HO = Ci'IPKO" + 211, 

Cumiuol yields cmninato of potash: 

C“II‘202+ KO.HO = C^H'iKO-* + 211. 

If in those formulm of tlio potash-salts, wo snbstituto HI for IK, wo 
obtain the formuluB of the froo acids. 

S. The neutral compound may likewise bo oonvorted into an acid by 
taking up 2 At. oxygon, while 4 At. liydrogori aro evolved, 2 At, of 
which belong to the compound itself. 

This reaction is exhibited by tho alcohols, whon treated in tho 
manner just dosoribod for tho aldidos. Wood-spirit, CTPO”, and bydrato 
of potash, KO,HO, produce formiato of potash witli ovoluLiou of 4 H. 
Similarly alcohol yields aootato of potash: 

CIHO^h-KO.HO = Cffmcoi s-Hl. 

Fusel-oil yields valerate of potash: 

Cioipsoa + KO.HO = C'»H0KO> -h 4 H. 


Ethal yields etluilate of potash: 

C^lP'Qs + ICO,HO = C“II«I{^0‘ + 411. 

{comp, Dumas & Stas, .dvwi. Chim, Phys. 73, 103.)—For furtliov ohsorva- 
tions on this point, vid. Methylic etlier. 

h. Decomposition attended with division of the organio compound. 
a. Formation of an acid compound wliicli unites witli tho allcali, and 
of a nou-acid compound. 

Chloral, treated with aqueous potash, yields chloroform and formiato 
of potash; 

cticfo^h- ho+KO = CTiico' + cnicp. 

p. Formation of two organic acids from a neutral and au acid orgamo 
compound. 

When certain organio acids, containing a considorahlo number of 
carbon-atoms, are fused at a tomporaturo near 200'^, with about four times 
their weight of hydrate of jiotash, they aro resolved, without any 
blackening, into two .acids containing a smaller number of oiirbon-atoms. 
These two .acids, so Ihr as is yet known, aro always oxalic ami acotio 
acid, perhaps because their compounds with fixed alkalis aro moro 
cap.ablo than tho salts of any other organio acid, of bearing a strong 
heat without decomposition. In these laaictions tho atoms of the original 
.acid ai'O somotiiuos sufilciont to form tho two now acids; somotimos, on 
tho contrary, tho requisite quantity of oxygen is nutdo up from tho water 
contained in tho hydrate of potash, tho hy<lrogen ])roviously united with 
it escaping in tho form of gas; somotimos again the hydrogen and oxygen 
of tho water onler tho now compound in equal numbers of atoms, In 
this manner, tartaric acid is resolved into 1 At. acotio and 1 At. oxalic 
acid : 

CflHiio'3 * CIDO-i-h C^IDO". 

Mucio acid yields 2 At. acotio and 1 At. oxalic acid: 

-r C'‘1I“0". 

Malic acid takes up 2 At, oxygon, and is converted into 1 At, acotio and 
1 At. oxalic acid: 

()•■' = c'n‘0‘i- c-'n’o". 

Citric acid takes up IDO'^, and is converted into 2 At. acetic and 1 At. 
oxalic acid: 

C‘=II«0»+ IR)^ CI'H-'O". 

Succinic acid takes up 0‘ and yields 1 At. acotio and 1 At, oxalio aoidi 
C"II«0" -I- O' = H- CmH)\ 


Many non-acid compounds also, when mixed with four or fivo times 
their weight of hydrate of potash and a small iiuantlty of water, ami 
raised to a tomporaturo far below rednoss, rapiilly give oil hyilrugeu, 
and consoquontly swell up strongly, and yield, without any hlaekeuitig, 
a ro.siduo chiofiy consisting of oxalate of potash. 

Such is tho case with common sugar, milk-sugar, gnin-arahic, slarcli, 
cotton, sawdust; also with silk, glue, and uric, aiful, which, Imweviu', 
evolve ammonia as well as hydrogen, and h’ave carlmnalu of piitiihli and 
cyanide of potassium as well as oxaiuto of imtash. Hydrate of «oila 
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acts like potash; carbonate of potasL with tartajic acid, and carbonate 
of lime with starch do not yield oxalic acid. If the heat bo contimiod 
and gradually raised, the whole of the oxalate of potasb produced in 
these reactions is converted into carbonate, (Gay-Lussac, Ann. Ohiin. 
Fhys. 41, 389; also Pogg. 17, 171.— J. cUm. mcd. 6, ^0; al.so J ogg. 
17, 528.)—Semen Lycopodii and indigo, fusod with hydrate ot iiotasli, 
likewise yield acetic acid but no oxalic. (Miisiiratt, Ann. I hemn. 51, 

271 and 280.) piiriAi 

Since sugar, gum, starch, and lignin, may bo rogiirdod as a:. O II U 

(the H and 0 which are deficient in some of those ooinpouiuls, nro sup¬ 
plied from the water of the hydrate of potaflh), the ioriviatum <d the 
oxalic acid is most readily explained by sui>posiiig that .rll' are ovedvod, 
and .'uO'* enter from the water, so that irCdPO® are prodneod. Ihulor- 
mation of acetic acid, C'H'O*, is still more easily explained; t g-, cane- 
sugar, requires only the addition of 2HO to convert it into 

6 . C^H‘0‘. 

When hydrate of potash in small quantity acts upon sugar, &c., 
humic acid is formed as well as oxalic and acetic acid. 

When 1 pan of cane-sugar is added to the boiling concentrated solu¬ 
tion of 3 pts. hydrate of potash, hydrogen gas is rajiidly evolved, and 
compounds are njrrnod of the potash with carbonic, formic, oxalic, acotic, 
and propionic acid, C^tPO*. In this reaction, the heat is loss, because 
more water is present. In the first instance, perhaps, the only products 
are carbonic, acetic, and propionic acid : 

+ lO = 2110 + 4C02 -I- 2C'H 'OIH- 2C''U''0 


But by the action of stronger hoat in particular parts of tho mixturo, 
formic acid and oxalic acid are also produced. 

7. Two atoms of an acid give olT 2 At. water and 2 At. carbouio 
acid, and are converted into a volatile neutral compound (a ketone). 

Many compounds of a monobasic acid with a fixed allcali, in equal 
numbers of atoms, are resolved by dry distillation into a rosiduo of 
alkaline carbonate and a distillate of kotono. Thus, 2 At. acotio acid 
and 2 At. baryta, yield, after thorough drying, 2 At. dry acetate of 
baryta, with evolution of 2 At. water; 

2CUr'0'+ 2BaO = 2Cni“BaO'H-2110 ! 

and these two atoms of baryta-salt arc xosolvod, at a rod hoat, into 2 At. 
carbonate of baryta and 1 At. acetone ; 

2C'iI-raaO' = 2(Ba0,C02) + CotlW. 


Similarly, for the other ketones, as shown by the following oonspootus ; 


2 Alonia. C H 0 

Acetic acid = 8 8 8—2C0^ 

Propionic acid = 12 12 8 ,, 

Butyric acid = 16 16 8 „ 

Valerianio acid = 20 20 8 „ 

Benzoic acid = 28 12 8 ,, 

Campholioacid= 40 36 8 „ 

Margaric acid = 68 68 8 „ 


C 11 O KeUmM. 

2HO = 0 0 2 Aootono 

„ =10 10 2 t’roprUiiui 

„ = 1‘1 14 2 liutyrono 

„ = 18 18 2 Viilerouo 

,, = 20 10 2 liciizoiie 

,, = 34 34 2 Uampliolotifl 

„ = C(1 60 2 Mfirgnrono 


heating together the potash or soda salts of difToront monobasic 
acids, ketones of intermediate composition may bo obtained; tlius a 
•mixture of acetate of soda and valorate of putusli in otjuivulont propoi'- 






By THE FIXED AEKALIS, 


i;57 

tioiiSj yioltle, when heated, a liquid having all the propoiTios of a kotoiio, 
and the composition C*“I-P*0“ : 

C^WNulO' + C>»(H''K)0-' ■= NuO.CO’ + KO.CO^ + C'''“H'^0'“. 

This substance is evidently intermediate in composition botwoon aootoiio 
and valorono : 

C0H«O’i + = 2(C>-'H'-0“). 

(Williamson, Chem. Soo, Qu. J. 4, 234j vid. Ketones.) IT 

&. One atom of an acid strongly hoatod_ with a great excess of dry 
fixed alkali, is resolved in 2 At. oaimonie aoid find oithor hydrogen or a 
volatiloj neutral organic ooinpouncl.—Baryta aiul liino iiro bowt auaplod 
for this purpose, inasmuch as they can bo most readily obtained in tho 

anhydrous state. _ . i r 

Thus tho following transformations are produced, with loss of 2CO . 



c 

n 

0 c; 

11 

Formic acid 

== 2 

2 

4 into Ili'drogon gim = 

2 

Acetic ucid 

= i 

•1 

4 into MuibIi giiB = 2 

4 

Benzoic acid 

= M 

0 

4 into Ilonzol 12 

0 

Cinnamic acid 

= IH 

8 

4 into Cinniiinono 111 

8 

Cuminic acid 

= 20 

12 

4 into (inmeno 1H 

12 

Anthnuiilic ucid 

= C'HPNO' into Aniliiio =•:. (;i-|PN 


Nitrobunzuio acid = C*'lP'Nd" into Nitroboiizol ~ tl'-lT'NO' j (;'-I1''X. 

In those reactions, a hydrocarbon is always formed containing tl” less 
than tho acid, and thoroforo ])lncod one degree lower in the sealo. TIiiih 
acetic acid, which belongs to tho series of ethylene, CflP, yields nmi'sh gas, 
c4p, belonging to tho series of mothyleno, d’lP, I'lo. Formic acid, alone, 
whicli itself belongs to tho lowest order ami contains only 20, which is 
entirely expended in tho formation of carbonic aoid, 2C0 , ainnot yiuld 
any hydrocarbon, but only 2H in tho free state. 

Also nitrotoluidiuo, C‘'‘I-PX=C“H'’KO*, which is isomeric with ati- 
thranllic acid, is resolved, by passing it in the state of vapour over rod- 
hot lime, into 2C0’ and aniline, C'“IPN: But salioylamido, C'HPAdO“,()“i 
which is also motamorio with anthranilio acid, yields, when thus treated, 
very little aniline, but chiefly ammonia and phonons acid, 

(Hofmann and Muspratt, Ann, Pharm. .'>8, 222.) 

Just as, in tho decomposition of anthranilio aoid by fixed alhalis, a 
non-oxygenated alkaloid, viz., aniline, passes over, so likewise tiuinine, 
cinohonino, and strychnine yield another such alkaloiil, viz., (piiiioliiie,— 
with those difToronccs, however, viz., first, that, iiisleud of un anhydroiiH 
alkali, hydrate of potash is required, so that its water may rnriiish oxygen 
for the carbonic aoid; and secondly, that, hesidoH the hyilrogeii of this 
water, hydrogen is likewise evolved from tho quiiiim', ite., itself. 

Those monobasic acids which contain G At. oxygon [two in tho 
nucleus and four outside], likewise yield, when distilled with dry 
fixed alkalis, not 3 but only 2 At. carbonic acid, tho romainiiig 2 At. 
oxygen remaining in tho now oomjiound which geos idf in vaimiir.- - 
Salicylic acid, C*'‘TPO^,OS distilled with excess of baryta, yields idieiioiiH 
acid, C‘H-P,0“.—Anisic aoid, C“H*0*,()'‘, yields anised, (;'^IP,()'k Kven 
salicylate of methyl, CHPOzC^IPO*, which is motamorio with ani.'de iiciil, 
yields tho same compound, viz., anisol. 

A similar docompoHitiim, depending only on tho formation of carhoiiif 
acid, is sometimes, though rarely, produced in tho wet wn.y.“ fjcci norin, 
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boilocl with baryta-water, yields carbonate ol baryta, 2(BaO,CO’’), 
which is precipitated, and oroin, 


Pecidiar behaviour of Gotrqmmdi cmitnininp Nitrogen or Qhlovine 
towards Fixed Alkalis. 

a. All azotizod organic compounds, when treated with excess of 
aqueous fixed alkalis, in a manner adapted to their peculiar nature, give 
off all their nitrogen in the form of ammonia. 

Compounds containing nitrogen in the form of amidogon, roipiiro hut 
a slight heating with aqueous potash to separate idl tlioir nitrogen in tho 
form of ammonia. For each atom of nitrogen which they contain, an 
atom of ammonia is evolved, and 2 At. water take its jdacoi and in 
combination with tho potash there remains an aciil having tho same 
composition as the amidogon-compound, excepting that or 20'‘ have 
boon substituted for ]NH or 2NH; tho acid likewise saturatos a numhor 
of atoms of potash equal to tho number of atoms of aminonia evolved. 

Thus, oxamio acid, C'bPNO”, treated with excess ol a(]ueouH potash, 
yields, with decomposition of 2HO, oxalic acid, CBPO", and Nil' (or 
since the product is not actually free oxalic acid, but oxalate of potash : 

C' IPNO" +110 + KO = C'll K0“ + N U"). 

Oxamide, CWN'^O'*, is resolved, with decomposition of 4110, into C^lOO® 
and 2NI-Pj or, 

C‘ir'N!'0' + 2H0 + 2K0 = C'lPO" -I- 2N1P. 

Other compounds, which do not contain nitrogen in the form of 
amidogen—indigo and glycocol, for oxaniido—either give oil’ no ammonia 
when boiled with aqueous potash, or yield it very slowly aiid in small 
quantity, so that, after several hours’ boiling, there still romaiufl a nitro¬ 
genous residue, such ns gelatin, albumen, or fibrin. 

But all azotizod organic compounds, in whatever (|iuuitity and in 
whatever state tho nitrogen may exist in them, give it off oomplotoly in 
the form of ammonia, when they are heated to redness with a sudloient 
excess of a mixture of hydrate of potash or soda ami ([iiioklimo. 
(Berzelius, J. pr .Ghem. 23, 231; Varroutrapp & Will, Ann. Pharm, 
39, 265.) 

In this reaction, tho oxygon of tho water in the hydrate of potash 
burns that portion of the carbon which docs not escape In combination 
with hydrogen, and converts it wholly into carbonio acid; while tho 
hydrogen of the water unites with tho nitrogen and forms ammonia, 
if the organic compound, like oynnogon, molton, and urio acid, does 
not contain Avlthln itself a quantity of hydrogen siiflioiont for that 
purpose. The rest of the hydrogen escapes, either in the gaseous form, 
as free bydrogoii, marsh-gas, or olofiant-gas, or in tho form of oily or 
camphoroidal hydrocarbons, such as bonzin and narihthalin. On tho 
first application of tho heat, cyanide of potassium and oyanato of potash 
may bo formed; but at a rod heat, and in contact with a suflioiont oxooss 
of hydrate of potash, those compounds are completely oonvortod into 
ammonia and carbonio acid. (Varrcntrajip & Will.) 

Ammonia may bo obtained oven from a nitrate by ignition with 
notash-lirao, provided that a non-nzotized organic bodv bn addml to tho 
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mixture; but it is only wben the latter is present in very groat excess 
that the whole of the nitrogen is given off in the form of ammonia. Thus, 

1 pt. nitre with 2 sugar yields only 0'23 of the quantity of ammonia 
which should be formed if all the nitrogen of the nitric acid were con¬ 
verted into it; with 10 sugar, it yields 0-43, and with 40 sugar, 0’79 
ammonia, which is not quite f of the whole. (Varrentrapp & Will.) 

On this entire conversion of the nitrogen of organic compounds into 
ammonia, is founded the process, first given by Varrentrapp & Will, 
for the determination of ammonia. Subsequently, Will showed (Ann. 
I’harm. 45, 95), that no ammonia is given off’ when non-azotized organic 
compounds are heated with pure soda-lime, contrary to the statement of 
Reiset (11., 419), who nsed in his experiments, as he afterwards found, 
soda which was contaminated with nitrate. 

Many nitrogenous substances, ignited with dry alkalis, either caustic 
or carbonated, produce a metallic cyanide in the residue. The charcoal 
here reduces the alkali to the metallic state, and the reduced metal takes 
up two other atoms of carbon and 1 At. nitrogen in the form of cyanogen. 
The metallio cyanide is also formed when hydrate of potash is used; but 
if this substance is in exces-s, its water oxidizes the carbon of the 
cyanogen on further ignition, converting it into carbonic acid, and the 
nitrogen goes off in the form of ammonia. 

b. Organic Gompounch containing Chlorine are completely decom¬ 
posed, with formation of metallic chloride, when their vapour is passed 
through a red-hot tube filled with lime. On the contrary, when boiled 
with aqueous alkalis, some of these compounds, such as C’^H’Cl®, remain 
uudecomposed; others, such as C'^IfCP, lose a pertion of their chlorine; 
others again, as C^H'Cl, give up the whole. 

The alkali either abstracts hydrogen in the same number of atoms as 
chlorine, so that hydrochloric acid is in fact withdrawn, and a metallic 
chloride and water produced : 

CmoCF + SKO = C>WCF + 3KCI + 3H0. 

Cldorobeuzio. Clilorobcuzide. 

C^H^CIS + KO = C^H^Cl + KCl + HO, 

Oil of olefiant Chiontlc of 

gas. acetyl. 

Or the abstracted chlorine is replaced by the 0 of the alkali, and 
moreover, H and 0 from the water present enter the compound.—An 
example of this mode of action is seen in the transformation of hydro¬ 
chloric ether by potash into alcohol and chloride of calcium : 

C'HSCl + KO + HO = CH'O'i + KCl. 

Or, in place of the abstracted chlorine, an equal number of atoms of 
oxygon fi om the alkali enters the compound, and then also an atom of 
the alkali itself. Chloro-benzoyl, treated with potash, yields benzoate 
of potash and chloride of potassium : 

C1‘‘H6C103+ 2K02 = C'-'H»KO'' + ICCI. 

Chloroform heated with aqueous potash in a closed tube to a temperature 
above 100°, yields formiate of potash and chloride of potassium : 
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Many copulated compounds are decomposed by aqueous alkalis, into 
an acid constituent which unites with the alkali, and a non-acid portion 
which is separated ; e. g., Compound Ethers, Fats, &o. 


17. Decom/positions hy Ammonia. 

Many organic compounds, both acid and non-acid, when treated under 
certain circumstances with ammonia, form with it peculiar nitrogonized 
conij)ounds, which, for the most part, are denominated Amidogen-com- 
ponnds, or Amides; the action is attended with separation of water (or 
of hydrochloric or hydrohromic acid, if the organic compound contains 
iodine or bromine).—In some cases, it is sufficient to leave the organic 
compound for a while in contact with ammoniacal gas, or with aciueous 
or alcoholic ammonia j e. g'., Oil of Bitter-almonds, Chlorobenzoyl, Fur- 
ftirol.—In other cases, the neutral or acid ammonia-salt of an organic 
acid is strongly heated.—In other cases, again, the acid upon which the 
ammoniacal gas or its solution in absolute alcohol is to work, is converted 
into an anhydride, which then, on being subjected to the action of am¬ 
monia, either gives up no water, as is the case with Lactido, or a smaller 
number of atoms of water, as is the case with Succinic anhydride.—Or a 
compound other (of the third chisa) formed with an acid and alcohol or 
wood-spirit, is brought in contact with ammonia; the alcohol is then 
reproduced, and an amidogon-compound formed.—In this manner. Oxalic 
other yields Oxamide : 

2C'II«0,C'0'' + 2NIF = 2C'H«0'' + CH 'N=0'. 

Succinic other yields Suooinamido: 

2C'n'0,C»H'0'' + 2NH3 = 2C''II''0= + C«IFN=0'. 

The compounds thus formed arc sometimes acid (amidogon-aoids), 
sometimes neutral, sometimes basic; the last-mentioned compounds con¬ 
stitute a largo proportion of tho artificial alkaloids. 

According to tho nature of tho organic compound, and tho numbor of 
atoms of that compound, and of ammonia which act upon oach other, and 
the numbor of atoms of water separated, tho following cases may bo 
distinguished. 

a. One atom of an aldide (understanding generally by that term, 
those bodies which may be regarded as compounds of a primary or 
secondary nucleus with 20) takes up 1 At. ammonia, and forms there¬ 
with (2 At. water being separated) cither a nitrogon-uuclous (containing 
N as suoh)-)-2H outside, or an amidogon-nuclous (i. e., a nuolous in which 
part of tho hydrogen may be considered as replaced by amidogon=:NI-P). 
In this case 20 are replaced by NH. 

In this manner, tho following transformations are produced; Phonons 
acid into aniline: 

C'=H",0'> + NHa-2H0 = ^ C‘21PN,H= (= C'^FAd); 

Bonzil into Iniabonzile: 

Casipooi ( = C“8H"'OhO'=) + N1I»-2II0 = C=SH'‘N02 ( = C=«IFAd,0-); 

Isatin into Imesatin: 

C'WNO'* ( = C'»H«N0’,03) + NH’-2HO = C!“HW,03 ( = C‘“H'AdN,0=). 

(The formuleo in brackets are expressed according to Laurent’s view, tlie nucleus to the 
left of tho comma, the enveloping atoms to the right.) 


BY AMMONIA,. 


141 


J, 1 At. of a inonobaaio aoid (containing 4 At. oxygon ontsido tivo 
Ions) likowiao takes up 1 At. ammonia, sopavatos 2 At. of water, nml 
boroby converted into a con\ponnd of an amidogon-miolous with 2 At. 
/^goii (o.g., an amidogon-aldido). In tins case also 2 At. 0 ai'o replaced 
NIL 

Cliloracotio acid is converted (wlion oldoracotio other is treated witli 
monia) into cbloracetamido; 

C'11C1'',0' H-Nir‘-2HO = C-iHSCNNO^ (= C'AdCP.O'J); 

ctic acid (used in the form of laotido) is converted into Laotamido: 

CiyO" (= C"H''0'^,0') + NI1'''-2II0= C''II»AdO“,C)“); 

tyvio acid (by treating butyric other with ammonia) into Butyramido: 

CT1L0‘ + NH»-2H0 = CNIWOS ( = CTBAcbO’) j 

Icylio acid (by heating salicylate of ammonia) into Salioylamiilo: 

C''H“0“ (= CWII"0=,0‘) + NH='-2n0 = C'lFNO' ( = C‘'llf’AilCF,05); 

ligotic acid (by treating iudigotato of inothyl with ammonia) into 
lilamido: 

il'iH'NO'" (= C'-'II'XO'J.O') + NtF-2110 = C'-'HON-'O" ( = C>'iriA(lX0'>,0“) ; 

loranilam into Cldoranilamido: 

[r'Cl«NO'>(= C'-IIAilCPOhO') I- NII'''-2M0 =* C'5ir'Cl“N“0 (« C>'JA(l»ClS0'^Cy''). 

0 . One At. of a bibaaio aoid (oontaining 0 At. oxygon ontaiilo the 
dona) with 2 At. ammonia, yields 4 At. water, and forms an ami(logen- 
ido {i.e., a substance which may ho regarded us a comj)onnd of an 
idogon-nuclous with 2 At. oxygon). In that case, 40 are replaced 
2NH. 

Tims, under certain oirouinstauoos: Oxalic aoid is oouvortod into 
amide: 

CWO* (= CdFO^.O") +2NH''-4UO =■ C'llWO' (~ CAifO^O’)! 

marie aoid into Fumaramido: 

CHl'Os (= C"H'0",0»)+2NH"—tIIO== C’llWO-' ( = CH'^AdW.O'J)! 

ecinic acid into Succinamido: 

CNFOn (= C"IW,0") + 2Nn"-dH0 = CIIWO' ( =• C"ir'Ad“(F,0'''); 

romncio acid into Pyromuoainido: 

CWH‘,0® + 2NIP—)H0 = C»'M''N“0’ (= C'"IFAd'i,0''>); 

aoic aoid into Muoamido: 

( = C«H“0'»,0«) + 2NIF-dU0 = C'=II“N«0« (=» C'«II«Ad!>0'",02) ; 

mplioric aoid into Camphoramido: 

CMilino^ (= C“Hl''0^O'') + 2NH'l-4l■^O « C»<>irW,0< ( = C»'H''Ad"-0’,0'-‘). 

d. 1 At. of a bibasio acid with 1 At. ammonia forms a monobasic 
d, with elimination of only 2 At. watoi’. Here 20 aro ronlacod 
NH. '■ 

In tliis manner, Oxalic acid is converted into Oxamic acid: 

nUTsnw (' =r pirr2n'J n^\ a. mtt.'j _ otrrt_ r14T.T^lxT/^n /_ /utt » i^xn 
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and form an ^amkloget-aklide ^ ^ ^ water, 

atoms of carbon and of thp nf>,i AJontains twice as many 

of the acid. In this le 40 , 

Thus; 2 At. Bennot nwf by only IN. 

2fC-H7nrMr 

Similarly, 2 At. Opianic ' ~ (= C^PPAdO^O^). 

2 C»HiJ 0 iff (= c4lMO'i o^r Opiamm'on: 

/. 1 At of b’b •' = 

PbtR r ? " “”°'°“) + NH3-4H0= c«ipnou = c™ 0^). 

Phtbalm acid into Phthalimide: ^iiAd, 0 ). 

Mellitio ^-4'• ^r ■"=. C'WNO^ (= C^IPAdO^) j 

JVlelhtic acid into Paramide: 

Inlhi,] I ®“'°'<-<='"’»’.»‘>*m.-4H0-OT,N0.. 

™‘fC " '^‘■ 

““'" “"'■•■■W »lo Hy<fcooy.oi. »ndi 
3 At of ^'“®°°'‘+NH8~4H0 = C2NH. 

o-nd are transfomedInto a^snbs/"^ ®'“™onia, form 2 At. water, 

pound of 2 At. introgen or ^ ^ “om^ 

*1® great as that of the^^?f- 1 v nucleus which is three 
replaced by 2N, original aldide. lu this case, 60 are 

Purfurol, CMH'0V=C‘''H'‘n2n3 . 

SC'OH-iO'' + 2NH3_6H0 = C»Hisn>j3n8 / 

Bi‘todmoBd ,U Mid. B. I. . (..dm—30. 18). 

IWoid), and othiJ Am„i„ (.. 

I. a .mow m„„,, 

Salicylous acid OuWsfM r mirr H N^. 

Wi^: ■ “ (=<B*H-0,0.; ^ 

„. .; ®<^"H'0^ + 2NH3-6H0 = C^H>30Wfn , 

Similarly, Chlorosalicyl yields Chin ■ 1 ^ ■' 

2NH-6H0 == c«HaeiW ( ^ C«H-CPO» N^). 





HyJronisyl, C'®HW (=C«H''0»,0’j mucIoub = 10 ! 10) yields Anialiy- 
dramido; 

3C"'risO' + 2NH»-GIIO = Ci"U^^OW (nuclouB = 48 : 30). 

In all tlicso cases, a compound is formed oontaining tliroo tiinos as 
many carbon-atoms as tbo original compound, iniimnucli as 3 At. of the 
saiiio arc hold together l)y 2 At. nitrogen (appavont incroaao of the mnubor 
of carbon-atoms (p. 43).—Binoan (Ajiu. Guim. /’/lya. 07, 242) proiioscs 
to reduce tho atomic weiglit of nitrogen to of its ordinary ainoniit 
according to tho numbers of this Ilaiid-bookl, in order to obtain 
more simple rolationaj c, g., instead of C“II'*N’, wo should have C'*II“N“. 

i. 1 At. of an aldido whoso nucleus contains olilorino forms with 1 At. 
ammonia, 1 At. of an aldido whoso nncloiia contains ainidogon, tho action 
being attended with sopavatlou of 1 At. hydroohlorio acid. In this ease, 

] 01 IS replaced by NIP. 

Clilorobonzoyl is eon verted into Bonznmido: 

C>'Il»Cl,0'J+NIP-nCl = C'WNO^ ( C''II»Acl,0'->). 

Of similar nature is tho oonvorsion of Chloroxyoarbouio otlior into 
Urothauo; 

C''n"C10' + NH”-1ICI = CIPNO'. 

Most of tho oompounds produced hy ammonia may i)o roeonvortod, in 
proBouco of water, into ammonia and the organic snlistunco from which 
they wore formed, rosuiuiug, in fact, tlio oxygon and hydrogen which in 
their formation had hoon soparatod in tlio lorm of water. This trans¬ 
formation may take ])laco uiidor tho following oiroumstanoos. 

1. Heating ^vith water. For tliis purpose, boiling with water nnclor 
tho ordinary atmosphorio pressure U often suHloiout; e.g,, Oxaraio acid, 
Boinsamido, IlyJrohonzamido, Parainido, IMithalimido, Furfura.mido. But 
it is often necessary and always more expeditious to inoloso tho snbstanco 
together with water in a sealed tube, and boat it to a tomporaturo 
bolwoon 160“ and 220'‘i e, g., Oxamido, ISucbtonio acid, Laotamido, Muca- 
mido, Opiammon. 

2. Addition of an aqueous acid, whoso affinity for ammonia, ospocially 
on tho application of neat, favours tbo production of that substance: 
Oxamido, Bisuooinamido, Bonzamido, Salioylamido, Furfuramido, Laota¬ 
mido, Clilorniiilam. In tbo case of Opiammon, oil of vitriol is alono 
capable of affooting this transformation, and acts ovon in tho cold, 
wlioroas dilute aulphurio acid has no aotioii uiiou it, ovon when heated, 

3. Addition of tho stronger flxod bases, ospooially of potash, in case 
tho araidogon-oompound has boon formed from ammonia and an acid. 
Tbo fixed alkali acts by virtue of its predisposing alllnity for tho acid, 
the ammonia being tlioreby sot free. Cold aqueous potusli acts in this 
manner only on Chloranilam. Boiling potash-solution indueos tho trans¬ 
formation of Chloraootaniido, Fumarnmido, Bisnecinamido, Laotamido, 
Bntyramido, Anilamido, Chloranilam, Clilorauilamido, .Bonzimido, Bonza- 
mido, Salioylamido, Salloyliraido, Phthaliinido.—Bonzimido is not dcconi- 
posod hy boiling with aqueous potash; hut on heating it with hyrlrato of 
potash inoistonod with alcohol, the dooonipoaitiou lakes jilaco. Aspara¬ 
gine heated with sali/iahlo bases and with water, gives o/f half Us 
nitrogoii in tho form of ammonia, and then ronmiiis in combination with 
tho base in tho form of asjiartio acid.—Opiammon, wiiich may bo 
dooomposod by heating with water, resists tho action of boiling jiotash.— 
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e. 2 At. of a monobasic acid with 1 At. ammonia yield 4 At. water, 
and form an amidogen-aldide, whose nucleus contains twice as many 
atoms of carbon and of the other substances in the nucleus, as the nucleus 
.of the acid, In this case, 40 and IH are replaced by only IN. 

Thusj 2 At. Benzoic acid are converted into Benziraide: 

2(C‘''H“,0^) + NH3_4H0 = ( = C=«H»Ad0^02). 

Similarly, 2 At. Opianlc acid into Opiamm'on: 

2C2oH'''0“ ( = C“H“0“ 0-‘) + NH2-4HO = C^H'^NO'® ( = C“H'7A(10“,02). 

f. 1 At. of a bibasic acid with 1 At, ammonia forms an amidogen- 
nueleus, with separation of 4 At. water. Here 40 and IH arc replaced 
hy IN. 

Succinic acid is thereby converted into Bisucoinamide: 

CSH'QS ( = CaH^O^OO) + NH3-4HO = C^H^NO’ ( = CSHSAd.O^) i 

Phthalic acid into Phthallraide: 

C'OHW (= C'«H«0h0‘'') + NH“-4H0 = C’«H*NO'' (= C“H%dO^); 
Mellitio acid into Paramide; 

C«H50a (= CWO5>,O») + NH*-4H0 = OTINOt 

In this last case, the quantity of hydrogen is too small by 1 At. to admit 
the assumption that paramide contains aratdogen^ tliis circumstance, 
therefore, is unfavourable to the amidogen-theory. 

ff. ] At. of a monobasic acid takes up 1 At. ammonia, yielding 4 At. 
water, and forming a ejanogen-compound. 

Thus, Formic acid is converted into Hydrocyanic acid: 

C2H20'< + NH«-4H0 = C^NH. 

A. 3 At. of an aldlde, by taking up 2 At. ammonia, form 2 At. water, 
and are transformed into a substance which may be regarded as a com¬ 
pound of 2 At. nitrogen or hydrogen with a nucleus which is three 
times as great as that of the original aldide. In this case, CO are 
replaced by 2N. 

Furfurol, (=C’“H‘0®,0’; therefore nucleus =10 : G) is first 

converted into Purfuramlde; and this compound, when boiled with water, 
IS again resolved into ammonia and furfurol, but by boiling with potash, 
18 imnnediately converted into Furfurine, au alkaloid isomeric with 
furfuromide: 

3C'»HW + 2NH3-6H0 = C»H>3N»0“ (Ducleu3= 30 : 18). 

Bitter ^mond oil yields Bonzhydramide, Hydrobenzamide, Amarine (an 
sincL otbor iBoniGno compounds^ 

3(C»H8,0^) + 2NH»-6H0= C“H'W. 

In a similar manner, Cinnamon oil yields Eydrure ctazocinnamyle; 
SCC'W.O’) + 2NH5-6HO = C«H3^N2. 

fyliSS' (=C«H'0^0*; nucleus = 14 : 8), yields Sali- 

3C»H«0H2NH’-6H0 = C«H18oon 2 (nucleus = 42 : 24). 
Similarly, Chlorosalioyl yields Chlorosamide; 

3C'^H»C1CH ( = CHH‘C10®.0=) + 2NH5-6H0 = C<3H“CTO20“ ( = C^H'^CPO^.N^). 
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Hydrauisy], nucleus = 16 :10) yields Anisliy- 

dramide: 

SC’SHSO-* + 2NH3-6HO = C-^H^-^OW (nucleus = 48 : 30). 

In all these oases, a compound is formed oontaining three times as 
many earhoa-atonis as the original compound, inasmueh as 3 At. of tho 
same are hold together by 2 At. nitrogen (apparent increase of the number 
of carbou-atoms (p. 43).—Bineau (Ann. Cliim. Phys. 67, 242) proposes 
to reduce the atomic weight of nitrogen to ^ of its ordinary amount 
according to the numbers of this Hand-book), in order to obtain 
more simple relations; e, g., instead of C“H'®N®, we should have C’*H“N“. 

i. 1 At. of an aldide whose nucleus contains chlorine forms with 1 At. 
ammonia, 1 At. of an aldide whose nnclcna contains amiJogen, the action 
being attended with separation of 1 At. hydrochloric acid. In this case, 

1 Cl is replaced by NH®. 

Chlorobenzoyl is converted into Benzamide: 

NHf-HCl = CMH?NO^ ( C>‘HSAd,02). 

Of similar nature is the conversion of Cliloroxycarbonic ether into 
Urethano; 

C«H5C10< + NH»-HC1 = C'H?NOh 

Most of the compounds produced by ammonia may bo reconverted, in 
presence of water, into ammonia and the organic substance from which 
tlie^ were formed, resuming, in fact, tho oxygen and hydrogen wliioh in 
tlioir formation had been separated in theiorm of water. This trans¬ 
formation may take place under the following circumstances. 

1. Heating with water. For this purpose, boiling with water under 
tho ordinary atmospheric pressure is often sufficient; e, g., Oxamlc acid, 
Benzamide, Hydrobenzamide, Parnmide, Pbthalimide, Furfuramide. But 
it is often necessary and always more expeditious to inclose tbe substance 
togetbor with water in a sealed tube, and heat it to a temperature 
between 150° and 220“: e. g., Oxamide, Euchronic acid, Laotamide, Muca- 
niide, Opiamraon. 

2. Addition of an aqueous acid, whose affinity for ammonia, especially 
on tho application of heat, favours tho production of that substance: 
Oxamide, Bisuccinamido, Benzamide, Salicylamide, Furfuramide, Lacta- 
mide, Chlorauilam. In tho case of Opiaminon, oil of vitriol is alone 
capable of affecting this transformation, and acts even in the cold; 
whereas dilute sulphuric acid has no action upon it, even when heated. 

3. Addition of the stronger fixed bases, especially of potasli, in caso 
the amidogen-oompound has been formed from ammonia and an acid, 
ifho fixed alkali acts by virtue of its predisposing affinity for the acid, 
the ammonia being thereby set free. Cold aqueous potash acts in this 
manner only on Chlorauilam. Boiling potash-solution induces the trans¬ 
formation of Chloraootamide, Fumaramide, Bisuccinamide, Lactamide, 
Butyramide, Anilaraide, Chloranilani, Chloranilamide, BenzLmidc, Benza- 
miclo, Salicylamide, Salicylimide, Pbthalimide.—Benzimide is not decom¬ 
posed by boiling with aqueous potash; but on beating it with hydrate of 
potash moistened with alcohol, the decomposition takes placo. Aspara¬ 
gine heated with salifiable bases and with water, gives olF half its 
nitrogen in the form of ammonia, and then remains in combination with 
tho base in the form of aspartic acid.—Opiammon, which may bo 
decomposed by heating with water, resists the action of boiling potash.— 
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e. 2 At. of a monobasic acid witli 1 At. ammonia yield 4 At, watef, 
and form an amidogen-aldide, whose nucleus contain.s twice as many 
atoms of carbon and of the other substances in the nucleus, as tho nucleus 
of the acid. In this ca.so, 40 and IH are replaced bjronly IN. 

Thus; 2 At. Benzoic acid are converted into Benzimide: 

0*) + NH3-4nO = C=8H"N0'' ( = C2sH’Ad0'*,0-). 

Similarly, 2 At. Opiauic acid into Opiamm'on; 

2C»HiJ0>“ ( = C2“H>»0»,0<) + NH2-4HO = C"H"’NO“ ( = C'‘"H'?AcI0i',02). 

f. 1 At. of a bibasic acid with 1 At. ammonia forma an aniidogeii- 
nuclcus, with separation of 4 At. water. Here 40 and IH are replaced 
by IN. 

Succinic acid is thereby converted into Bisucoinamide; 

C8H''0® f = CaH“0%0“) + NIH_4H0= CWNO' ( = CspPAd.O'') ) 

Phthalic acid into Phthaliraide; 

Ciiih® 08 ( = C“H«02,0''') + NH®-4HO = C'H'NO^ ( = CeiPAdO^); 
Mellltic acid into Paramide; 

eWQs ( = CSH202,0«) + NH3-4HO = C®IINO''. 

In this last case, the quantity of hydrogen is too small by 1 At. to admit 
the assumption that paramide contains amidogon; this circumstauee, 
therefore, is unfavourable to the amidogen-theory. 

p. ] At. of a monobasic acid takes up 1 At. ammonia, yielding 4 At. 
water, and forming a ojianogen-compound. 

Thus, Formic acid is converted into Hydrocyanic acid: 

C2H20-‘ + NH3_4H0 = C^NH. 

h. 3 At. of an aldide, by taking up 2 At. ammonia, form 2 At. water, 
and are transformed into a substance which may be regarded as a com¬ 
pound of 2 At. nitrogen or hydrogen with a nucleus which is three 
times as great as that of the original aldide. In this case, 60 are 
replaced by 2N. 

Furfui'ol, C'°H^O^ (=C‘’’H^ 0 *, 0 ^; therefore nucleus =10 ; G) is first 
Converted into Furfuramidej and this compound, when boiled with water, 
IB again resolved into ammonia and furfurol, hut hy boiling with potash, 
is immediately converted into Fnrfurine, an alkaloid isomeric with 
furruramide: 

3C’WO< + 2NHa-6HO = C^H'WO® (nucleus = 30 : 18). 

Bitter almond oil yields Benzhydraraide, Hydrobenzamide, Amarine (an 
alkaloid), and other isomeric compounds: 

3(C“H®,0*) + 2NH“- 6HO = 

In a similar manner, Cinnamon oil yields Hydrure dCazocinnamyle: 

3(C«H8,02) + 2NH>-6H0= C«HW. 

$SdeT (=C«H»0»,0- nuclens = 14 : 8 ), yields Sali- 

• ^ sew + 2NH»-6H0 = C«H>so»N3 (nucleus = 42 : 24). 

Similarly, Ohloroaalioyl yields Chlorosamide: 

3C“H‘aO<(s»CHH»r.l05fWi4.9\im ____ _ _ 
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Hydfanisyl, C'®H*0'‘ nucleus =; 16 ; 10) yields Anisliy- 

driimide: 

3C''H“0'' + 2NH3-6IIO = C«>H=-iO»N2 (nucleus =48 : 30). 

In all these cases, a compound is formed containing throe times as 
many carbon-atoms as the original compound, inasmuch as 3 At. of tlio 
same are held together by 2 At. nitrogen (apparent increase of the number 
of carbou-atoma (p. 43).—Binoau {Ann. Chim. Fhys. 67, 242) proposes 
to reduce the atomic weight of nitrogen to ^ of its ordinary amount 
according to tho numbers of this Hand-book), in order to obtain 
more simple relations; e. g., instead of C“H’®N®, wo should have G'^H'N^ 

i. 1 At. of an aldido whose nucleus contains chlorine forms with 1 At. 
ammonia, 1 At. of an aldide whose nuclcna contains amidogen, the action 
being attended with separation of 1 At. hydrochloric acid. In this case, 
101 is replaced by NH“, 

Chlorobenzoyl is converted into Benzamide: 

C’JH'ChO*^- NH^-HCl = CHH7NO-= ( C^H'Ad.O^). 

Of similar nature is tho conversion of Ohloroxycarbonic ether into 
Urethane; 

C»HSC10‘ + NH3-HCI = C“H?NOh 

Moat of the compounds produced by ammonia may he reconverted, in 
presence of water, into ammonia and tho organic substance from which 
they were formed, resuming, in fact, the oxygen and hydrogen Avhich in 
their , formation had been separated in the form of water. This trans- 
formatiou may take place under the following circumstances. 

1. Heating witli water. For this purpose, boiling with water under 
tho ordinary atmospheric pressure is often sufficient: e.g., Oxamic acid, 
Benzamide, Hydtohenzamide, Paramide, Phtlialimide, Furfuraraide. But 
i t is often necessary and always more expeditions to inclose the substance 
together with water in a sealed tube, and beat it to a temperature 
between 150° and 220°; e. g., Oxamide, Eucbronlc acid, Lactamlde, Muca- 
raide, Opiamraou. 

2. Addition of an aqueous acid, whose affinity for ammonia, especially 
on the application of heat, favours the production of that substance: 
Oxamide, Bisucolnamido, Benzamide, SaJicylamide, Furfuramide, Lacta- 
mide, CLIoranilam. In the case of Opiammon, oil of vitriol is alone 
capable of affecting this transformation, and acts oven in the cold; 
whereas dilute sulphuric acid has no action upon it, even when heated. 

3. Addition of the stronger fixed bases, especially of potash, iii case 
the amidogen-compound has been formed from ammonia and an acid. 
The .fixed alkali acta by virtue of its predisposing affinity for the acid, 
the ammonia being thereby set free. Cold aqueous potash acta in this 
manner only on Chloranilam. Boiling potash-solution induces the trans¬ 
formation of Chloracetamide, Fumaramide, Bisuccinamide, Laotamide, 
Biityramide, Anilamido, Chloranilam, Chloranllamide, Benzimido, Benza- 
inido, Salioylamide, Salicylimide, Phtlialimide.—Benzimide is not decom¬ 
posed by boiling with aqueous jiotash; but on beating it with hydrate of 
potash moistened with alcohol, the decomposition takes place. Aspara¬ 
gine heated with salifiable bases and with water, gives off half its 
nitrogen in the form of ammonia, and then remains in combination with 
the base in tlie form of asijartic acid.—Opiammon, which may bo 
decomposed by heating with water, resists the action of boiling potash.— 
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Purfuraniklo, which, when boiled with water or treated with acids, is 
resolved into ammonia and furfiirol, is converted by contact with ijotash 
into Fiirfurino, an alkaloid isomeric with furfuramide itself, and not decom- 
posiblo by boiling potash. 

Bat many of the ooniponnda produced by ammonia cannot, by any of the 
abovo-montionod processes, bo reconverted into a.nnnonia and the original 
substance. Such is the case with Aniline, Benzilam, C“H“N, and Amarine. 

There are four states in which the nitrogen of the ammonia may bo 
supposed to enter these compounds; viz., as Ammonia, as Amido- 

gon, NIP; as a double atom of Laurent’s Imidogon, viz., as NH; or as 
Nitrogen in its ju'opor form. In the first case, all the water wliich is 
eliminated must bo supposed to proceed from the hydrogen and oxygen 
of the original organic comjiound; in the other cases, it is sometimes 
wholly, sometimes partly, produced from the hydrogen of the ammonia. 

Those compounds rarely contain nitrogen in tho form of ammonia, 
with perhaps tho single exception of chloranilam, this being, in fact, tho 
only ono among them which evolves ammonia when treated with 
told aqueous potash,—A single atom of imidogen, as Laurent considers 
it, viz., N*I-P, cannot bo supposed to exist in them, at least according to 
tho atomic weights adopted in this Hand-book, half-atoms being inad¬ 
missible. The assumption of a double atom of imidogon, NH, would 
introduco uneven numbers of atoms, and is therefore improbable. If, 
for oxamiilo, Butyramido, C“H“NO’‘, wore thus considered, we should have 
C®rPImO“, that is to sn.y, 19 atoms; in Paramide, C®HNO‘=C"ImO‘, tho 
numbor of atoms would bo 13, and similarly in all other casos. In 
certain compounds, howovor, tho supposition of 2NH is admissible. 

Tho ohoico then lies, for tho most part, between nitrogen in its own 
proper form and amidogon. Probably some compounds contain it in tho 
ono, some in tho othor state. Wo may suppose that those compounds 
which can bo roconvortod into ammonia ami tho original compound con¬ 
tain amidogon, and tho rest contain nitrogen in its proper form; e. g., 
Aniline, Imabonzil, Bonzihun, and Anmrino. 

In the cases moutlonod in h (p. 142), 2NIP are taken up and 5HO 
separated. Tho simplest supposition that can bo mado in such casos is 
that tho GH of tho 2NI-P are oxpondod in tho formation of tho uHO, and 
tho 2N roniain as such in tho product. If, howovor, wo roraombor that 
furfurol, when treated with ammonia, is first converted into furfuramide, 
which again is dooomposod by water and acids into ammonia and furfurol, 
and oonvortod by contact with potash into tho isomeric body, furfurino,— 
rnoroovor, that most of tho proclnots described in h (p. 142) are capable of 
reconversion,—it will appear probable, oven in those cases, that tho 2N of 
tho compound are originally present as 2NH* or 2NH, but that under 
ooi'tain olrcumstancos, tho conversion of furfuramide into furfurino, for 
oxamplo, tho 2N are freed from their state of combination with I-P.—Thus 
perhaps: l.i’urfuramldo=C-''"ir”(NH)^0“, and Furfurino=C“I-r'’N’‘0'',lP 
(nuolou.s=30 : 18). Similarly, Bonzhydramido is perhaps C'‘“H’“(Nri)'*; 
and Amarine, which is isomorio with it, is C“Ii'“N“,l-P (nuclou8=42 : 18). 

In tho mode of decomposition given in i (p. 143), INI-P probably 
gives up IH to ICI, and NIP romains in tho now compound. 

In Qooompositious, according to b andrf, 2HO arc produced for INH®; 
and in those, according to c, 4HO to 2NH“.—In such cases, tho simplest 
view is perhaps that of Gerhardt, viz., that since INIP gives up 2H to form 
2HO, or 2NH® give up 4H to form 4HO, tho new compound must contain 
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1 or 2NH. But it is llkowiso possible that INI-P gives up only IH to 10 
of the compound, being Iboroby rodncod to NIP, and that the second tlO 
is formed merely from the latter. That this supposition is not improbuBlo 
may be seen from the instances adduced in e, f, and g, in which 4liO are 
produced from INl-Pj so that we are obliged to assume a separation of at 
least IHO from the organic com])ound itself.—If aniline, formed as in a, 
contains nitrogen as such, whioli is the more probable supposition, it 
follows that 211 must have soparntod in the form of 2H0 from the NH®, 
and tho tliird H, separated from the N, must have oiitorcd the compound. 

From all this it appears probable that compounds formed from 
ammonia, according to i, c, rf, e,f, contain tho nitrogen of the ammonia in 
tho form of amidogoii, NIP, and aro thoroforo true amidogon-coniponnds 
or amides; lioiico they arc capable of reconversion. Paraniide, C’HNO'*, 
alono forms an oxcoption, inasinncli ns, from its composition, it cannot 
contain NIP, but is novortliclcas very easily reconverted into ammonia 
and moHitio acid. This fact requires fiirtbor elucidation. 

In tbo cases do.scribod in h, a compound a])pcara to ho formed con¬ 
taining 2NH, h\it soinctimoa capable of giving out 211 from tho nucleus, 
and being oonvortod into a compound whicli contains nitrogen in its own 
proper form. 

It appears then that nitrogen maybe contained in an organic com¬ 
pound in tliroo or four dillbront states, viz., as Nitrogen itself=N; as 
Hypoiiitrio acid = NO'j as Aniidogon = NIP j and perhaps also as 
Iinulogon=NlI. 


18. DccoviiiosUions and Tramfomialions by Ilydrosulplmric Acid, 

a. nydrosul])luirio acid gives up hydrogen to many compounds, with 
precipitation of sulphur. Thus it ooiivorts Cliinono, C'^IPO'*, into Hydro- 
chinono, C'WO'; Isatino, C'lPNO', into Isatido, C'^lPNOh 

b. It abstracts tbo 4 At. oxygon from tbo NO'in nltro-oompouiuls, 
and tranafors to thoin 2 At. hydrogen, with ])rooipitation of sulphur, 
thereby couvorting thorn into comi)ouuds which contain nitrogon in its 
proper form, or perhaps as amidogoii (p. 75). 


1.0. Decompositions by Sulphide, of Folasshim. 

SuIpluMn of jiotasaiiim docomposos many organio compounds by doiiblo 
affinity, yielding olilorido of polusHium anil an organic Bul])liur-compoimd. 
Hydroohlovio otlior, C'lPCl, with KS forms KOI and siilphido of ethyl, 
C'lPS; with KS,IIS, it forms KOI ami Moroaplan, C^IPSh 


20. Decompositions by the Alkali-metals. 

Potassium and sodium, ovon when hcatod, do not act upon com¬ 
pounds coutaiulng only carbon and hjdrogon. When hoatod with com¬ 
pounds wliieh nontaiii largo quantities of oxygon, they tnko up tliat 
olomoiit, producing eomhustioii and carbonization, ami forming a mix- 
turo of charcoal and an alJtalino carbonate. Dry oxalic acid tliiis treated 
produces vivid comimstion; tartaric and innoic acid, foohlo coinbustiou; 
with citric acid, carbonization takes placo without combustion. 

VOL. VII. L 



14G 


DECOMPOSITION OF ORGANIC COMPOUNDS. 


From liquid compounds coinparativoly poor in oxygon, potassium, at 
ordinary or sliglitly olovatcd tcmporaturca, drives out part of tho hydrogen 
with oflbrvcscouco, aud takes its place in tho oomponnd. 

Thus, acotic acid, C‘H''0'‘, is convortod into anhydrous acotato of 
potash, C‘I-PKO‘,—absoluto alcohol, C'‘H"0'-, into tho compound C^I-PKO®, 
—and cuminol, into tho compound On the addition 

of water, tho original compound is roproduccil, togothcr with potash. A 
similar action is oxorted hy potassium on other alcoholic liquids, and 
upon volatile oils containing oxygon. Tlio docomposition of oxalic other 
hy jiotas.sium is of a niuro complicated character. 

Pota.ssinm heated with any nitrogenous organic compionnd, forms 
cyanide ef potassium. 

Tho detection of very small quantities of nitrogen is hosed upon this 
icaction. A pieco of jiotassium is ])laccd at tho bottom of a narrow 
test-tube, aud covered with tho suhstauco to ho examinodj tho mixture 
is then heated to redness till tho excess of potassium is volatilized; tho 
residue dissolved in water; tho solution jirocipitatcd hy a ferroso-forrio 
salt, aud mixed with excess of hydrochloric acid, which, if cyanide of 
potassium has boon formed, leaves a residue of Prussian blue. Iriuhstnnoos 
not containing nitrogen as such, likewise give this reaction if they contain 
nitric or nitrous acid. Ilydrato or carbonate of jiotash, instead of imtns- 
sium, does not givo so uolicato an indication of nitrogen. (Lassaigne, 
J, chim, Dii'd. 11), ‘iO l; also J. pr. Chcvi. 20, 143.) 

With tho chlorine aud bromine occurring in many organic compounds, 
]iotassium often forms chloride or bromide of juitassiiim; in some cases, 
liowovor, another imrtiou of tho potassium is transforvod to tho compound, 

TIius hydrochloric other, treated with potassium, gives off no gas, 
hut forms a white mass, which is probably a mixture of chloride o 
potassium with tho now potassium-compound: 

cuf'ci I- 2IC - cninc -i- icci. 

In otlior eases again tho jdace of tho abstracted atoms of chlorine is 
auii])liod partly by tho potassium, and ])artly by hydrogen from water 
which may bo nrosont. A((uoous chloracotnto of potash, in contaot with 
potassium-amalgam, is convortod into acotato ol potash aud chloride of 
potassium: 

C'CPKO' -I- OK -I- 3110 = CIP'KO ‘ h 3KC1 -r 3K0. 


21. DecomposUiona and Tran^ormaiiona hy Water. 

Water may transform an organic compound, by imparting to it 
hydrogen aud oxygon in equal numbers of atoms. 

а. Tho compound romains undccomposod, moroly becoming richer 
in hydrogen and o.xygen.—Lactido, OTPO*, is slowly convortod by cold 
water, moro quickly hy hot water, into lactic acid, OT-PO". Similar 
transformations are oxhibited by tho acid anhydrides {vid. Organic acids). 
Oil of turpentine, C''"!!'", placed, under certain circumstaucos, in con¬ 
tact with water, forms tho camphor or stoaroptono of turpentine, 

Common sugar, C’lP'O" (or C“H“0“), is convortod by water at 200° 
into grape-sugar, (or C^II'^O^). 

б. Or tho addition of hydrogen and oxygon from tho water causes 
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From liquid coinpouiids comparatively poor in oxygen, potassium, at 
ordinary or slightly clovatod temporaturos, drives out part of tlio hydrogen 
with oUbrvosecuco, and takes its place in the compound. 

Thus, acetic acid, C'l-PO', is converted into anhydrous acetate of 
potash, C'l'PKO',—ahsoluto alcohol, C^lPO'-, into the compound C'‘I-l°KO“, 
—and cniuiuol, into tho compound C™H‘'KO“. On the addition 

of water, tho original compound is reproduced, together with potash. A 
similar action is exerted by potassium on other alcoholic liquids, and 
upon volatile oils containing oxygen. The docomposition of oxalic ethor 
by jiota.s.sium is of a more eomjdicatcd character. 

rotaH.simn heated with any nitrogenous organic compound, forms 
cyanide of potaHsiuui. 

Tho detection of very small quantities of nitrogen is based upon this 
reaction. A piece of jxitassium is ])laced at tho bottom of a narrow 
tost-tuho, and covered with the substance to ho examined; tho mixture 
is then heated to rednoss till tho excess of potassium is volatilized; tho 
residue dissolved in water; tho solution precipitated by a forroso-forric 
salt, and mixod with oxcoas of hydrochloric acid, which, if cyanide of 
potassium has boon formed, loaves a residue of Prussian blue, Buhstaucos 
net containing nitrogen as such, likewise give this reaction if they contain 
nitric or nitrous acid. Hydrate or carbonato of ])otash, instead of potas¬ 
sium, does not give so delicate an indication of nitrogen. (Lassaigno, 
J. chim.mvd. 11), 201; also J. pr. Ghcm. 20, 143.) 

With tho chlorine and bromine occurring in many organic compounds, 
jiotassium often forms chloride or bromide of jxitassium; in some cases, 
liowovor, anothor jiortion of the potassium is transforrod to tho compound. 

Thus hydrochlorio other, treated with potassium, gives off no gas, 
but forms a white mass, rvliich is probably a mixture of chloride o 
potassium witli tho now polassium-compound: 

C'lPCM-2IC = C'l 1«K -I- KCl. 

In ethor cases again tho jilaco of tho abstracted atoms of chlorine is 
sujijiliod jiartly by the jiotassium, and jiartly by hydrogen from water 
which may bo present. Aijuoous chloracetato of jiotash, in contaot with 
jiotassium-anuiigam, is convortod into ucotuto of potash and chloride of 
Jiotassium! 

C'Cl'iKO' + CK -I- 3110 ■= CnPKOI l- 3KC1 -i- 3KO. 


21. Decompositions and Transformations ly IFaier. 

Water may transform an organic compound, by imparting to it 
hydrogen awl oxygon in equal numlicrs of atoms. 

a. Tho comjiound remains imdocoinjioscd, merely becoming richer 
in hydrogen and oxygon.—Lactido, is slowly convortod by cold 

water, more (juickly by hot water, into lactic acid, CI-PO”. Similar 
transformations are oxliibitod by tho acid anhydrides (vid. Organic acids). 
Oil of turpentine, C'"!!'", placed, uiulor oortain circumstances, in con¬ 
taot witli water, forms tho camjihor or stcarojitone of turpentine, C”'I-P‘’0'‘, 
Common sugar, C'^IP'O'^ (or is convortod by water at 200° 

into grapo-sugar, (or C“IP‘0’‘*). 

h. Or tho addition of hydrogen and oxygon from tho water causes 
tho original compound to resolve itself into several now compounds.— 
Oxamido, 0*I-PN“0*, boated to 226° with water in a scaled tube, takes up 
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4110, and is I'osolvocl into oxalic acid,'^CT-PO" and 2NIP; aimihu-ly, oxamic 
acid, CT-PNO”, oven at 100“, takes up 2HO, and is converted into acid 
oxalate of ammonia^ also asparagin, at 150°, into aspartic acid and 
ammonia. 


V. Classification of Oiioanio Compounds. 

Tlio classification 'wliich will bo adopted in tlio present worlc, so far 
as our present knowledye of organic comj)ounds alloios, i.s based on the 
following principles. _ 

It is supposed, in accordanco with Laurent’s views, that organic 
compounds consist, either of primary nucloi, or of secondary or derivative 
nuclei, or of compounds of those nucloi with various substances oxtor- 
nally attached. 

Wo begin, ns in Laurent and Oorhardt’a system, with the considera¬ 
tion of thoHO nucloi which coiUaiii tho smallest nuinbor of carbon-atoms, 
and thonco proceed, in a gradually aHconding scale, to tboso which con¬ 
tain tho greatest number of carbon-atoms. It will bo readily soon, 
that wo thus proceed from the lowest to tho highest grade of org.'inio 
coni])onnds. 

When a nucleus or other organio substance may bo probably sup¬ 
posed to bo not siinplo but couijuiinid, that is to say, produced by tho 
combination of two or more olomontary nuoloi, or other olomontary 
organic subslanocs, tho jdaco of that substance in tho scale is dotorminod, 
not according to tho total number of its carbon-atoms, but according to 
tho numbor of carbon-atoms in that one of its compouonts which contains 
tho largest numbor of tboso atoms, 

Wlioii two primary nuoloi contain tho same numbor of carbon-atoms, 
but difl'eront numbers of hydrogou-atoms, such as I’henylono, C'HP, and 
Oloono, or as Naphthene, and Torobene, tho 

nucleus containing tho smaller proportion of hydrogen will bo considorod 
boforo tho other. 

In connection with each primary nucleus, wo shall consider, in tho 
second place, its compoumls with substauco.s which attach thomaolvos 
oxtornally to it. Tlie.so are osimoially, II or IP; IIO or IPO"; 0“, 0'‘ or 
0"; IIS or IlkS'k S-or S'; III; Illir; Ih-^ llr'or Br«; HCl; CP, CP or CP. 

In combinations of a nucleus with subslaiiccs oxtornally attached, tho 
composition of tho micleiis may gimorally bo viewed in more ways than 
one. Is alcohol to bo considorod as C'‘II*,IPO''‘, and acotio acid as 
Cq-ji O'*, or are these compounds respectively C*IPO,IPO, and ^'I-POiHO®? 
Although for reasons already adduced (pp. 20, 21, and 32, 33), tho latter 
view may bo tho more probablo, still tho question cannot bo eonsidored 
as definitely settled. The former view has boon proforrod in tho classi¬ 
fication, bocaiiso it yields simpler formula), and tho nuclous C'*!!*, for 
oxainplo, is known to exist in tho soparato stato, whoroas C‘IPO is not. 
With regard, however, to certain substances, tho formuho I'oundod on 
tho latter theory will 1)0 given as tho more correct; and then tho former 
theory, so far as necessary, will bo distinguisho<l ns Th. 1, the latter as 
Th. 2. 

Since tho nucleus is, as it wore, ouvolopod by tho atoms which attach 
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tlietnsolvos to it, tlio latter may bo distiiiguisbed from tlio atoms of tbo 
muileua by tbo title of JinveJope-atons (Iln/len-atome); they form with 
tho miclous, compounds which may bo called JEnvelope-micid {Hiillen- 
Kerne); ami those consist of a Nucleus (^Kevn) and an Envelope [Hulle). 
Tho substances which farm tho miclous are called Ntideus-maUers {ICeni- 
slofffi), and those which compose tho envelope are called Envelope- 
viailers (/Jiil/en-slqfe). The nnclons of acetic acid, C'‘H^O*, is O'*!-]*, and 
tho envelope 0‘j the nuclous-mattors arc C and H, and tho onvolopo- 
niattor is Oj if, however, acetic acid bo regarded ns C'‘IPO,IPO“, tho 
nucleua-mattors are C, H, and 0, and tho envelope-matters are H and 0, 

Thirdly, wo have to consider compounds of tho nuclei and envelope- 
nuclei witli other substances, organic or inorganic, products which may 
bo called Cnvjur/ate.il or Copulated Compounds according to Gorhardt, or 
Syndesmidcs according to liaaircnt. 

Thus, every primary nuclous forms a corresponding series of Types, 
which series may bo designated as tho Primary Herios, Tho first typo of 
this series is formed by tho primary nucleus itself; tho second, perhaps 
by: Nuolous-t-Hj tho third; Nucleus-1-IP; tho fourth: Niiclous-l-HO, 
the fifth; Nucleus-t-IPO’; tho sixth: Nuclous-t-0’; tho seventh: 
Nucleus-[-O'*, &c. 

After each primary nucleus, togotbor with tho series of its compounds, 
follow its Secondary or Derived Nuclei, which belong to tho same typo 
with itself. A primary nueleus may yield a number of secondary nuofoi 
of tho most various composition, according to the olomouts or compounds 
which wholly or partially roidaco tho H of tho primary miclous. 

Each of those socou'dary nuoloi generally forms sovoral compounds 
with onvolnpo-aubstauccs, and hoiico aro produced a number ol Secondary 
Series oipial to that of tho secondary nuclei, 

Tims the jirimary series of ethylene [rzYino], C'll*, has, among others, 
tho following incinhurs; C*ir‘,0’.: C’lP.O'*; and tho secondary series belong¬ 
ing to tho secondary nnclons, C’lICF, has tho following corresponding 
memheiM: C‘IICF,0’; C'HCF.O*. — C‘IPO’ and C’lICF.O’ belong to tho 
samo typo; so likewise do C’lP.O'* and C'‘IICF,0’; and in this manner a 
typo of tho Jirimary serie.s may bo ropeatoil in tho socondary series. 

Lastly, the socondary nuclei fiwjuontly produco copulated compounds. 

A primary nueleus together with its socondary nuclei, and all com¬ 
pounds yielded by tho nuclei, both primary and secondary, or, in other 
words, the primary series, togotbor with all tho socondary scries derived 
from tho same nnclons, form a Croup. 

It appears then that all organic compounds may bo first divided into 
diiroront groujis; each group resolves itself into tho series of tho jirimary 
miclous and tho series of tho socondary nuclei; each series consists of 
members of difierent typo; but tho individual typos aro often repeated in 
tho socondary series. 

A further comparison of tho mombova of dilToront groups, one with tho 
other, exhibits Types in the wider sense of the word. Thus tho Nucleus- 
typo includes all tho nuclei, primary and socondary, of tho various groups; 
the Alcohol-type, all these nuoloi with addition of H’O’; e, </,, C’"II“’,IPO’; 
C“H“’‘,H’0’, &o.; tho monobasio acid typo, the nuoloi with addition of O’; 
e. g., C’IrP,0*; C’H’,0’, &c. &c.—These typos in Hho more general sense 
accord pretty nearly with Gorhardt’s homologous substances, in which, 
however, certain restrictions are made in the proportion of 0 to H. 
fGorhardt’s Ohn/m. ora, 1, 26.1 
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VI. SirGOESTIONS FOU A NeW CnEMIOAL NomBNOEATURE, rARTICULAELY 
FOR OuaAEia COMFOUNDS. 

Tho daily incroaso in tho numbor and complexity of cliomlcal com¬ 
pounds foi'oos upon, ns tho conviction that arbitrary natnos based upon 
their origin, properties, historical cironmstancos, &c., arc iusufficient, and 
that tho most charaotoristio appollatione, those, namely, which denote 
sto’ichiomotrical composition, cannot ho formed with our existing nomen- 
claliu'O, without producing wor<ls of intolorahlo length. A perfectly 
satisfactory name innst denote, not only tho nature of tho components of 
a compound, but lilcowiso tho luimhcr of its atoms, and their mode of 
combination; it must bo, as it wero, a rational formula comprised in a 
word. By this moans, oven polyinorio and motainoric compounds will 
bo distinguished one from tlio other, and only for isonioric compounds 
will a mode of distinction still remain to bo sought. 

To rondor sueli an attempt suc.cossful, without producing names of 
too groat lengtli, each olomont must ho oxi)ro.S3cd by a monosyllabic 
word, and tho mnnhor of atoms dietingaisliod (os already ofToctod by 
Laurent in a somewhat dilloront way) by alteration of tho vowels.* 

Let a 0 i on ai aii au o ii 

denote 1 12 .'! 4 5 6‘ 7 8 0 0 

Tho elements in tho free stale may ho distinguished by tho following 
names. 

0= Ano;—11=Ale;—C = Aso; — B = Aro;—P=Apo;—S=;Afo;— 
J=Ascho (lon^)j-'Br=Amoj—Cl=Ako;—F=:Airo;—N = Ate. 

K=Pato (from Pofasli);—Na=Nato (from iVaJron);—L=Lato (from 
XBhon);—Ba=Bara (from iia7'yta); — St=Staro (from (Stj’ontian);— 
Ca=Caro (from C’cloiiun);—Mg=Talko (from Talk)-, —La=Lanto (from 
Aajithanum);—Co=Zarmo (from 6Vium);—Y=G'arto (from ffadolin 
and Yttj'ium);—G=Gluko (from fffycitim);—Al=Talmo (from .7'hon 
and AZumon);—Zr=Zarko (from ATircouium);—Th = Tarne (from .Z'ho- 
7’ium);—Si=Kalso (from A’iosoZ). 

Ti=Manko (from jI/ona/:a?t);—Ta=Tulto (from ^f'aidaZ);—Wo= 
Wolfe (from IFoZ/ram);—Mo=M<)ldo (from J/oZybdenum);—Va=Wanto 
(from Fajmdium);—Cr=KramQ (from C/MW/tium);—U=llanso (from 
Ujujiinm);—Mn = Ganiio (from j]Jnngn.wx,o), 

Ar=Kar.so (from Aj’soniu);—Sh = Manto (from A?itmony) ;—To=: 
Tarlo (from .7bZZiu'iiim);—Bi = Marxo (from i/a/'Ziwit) ;—Zn=Zakko 
(from .^inc);—Cd=Galmo (from G'aZwoi);—Su=Stanno (from tSlnnnww)j 
—Pb=Plambo (from i'lu7«ium);—l''o=Marto (from A/ih's) ;—Co= 

Smalto (from Snidl)', .Ni=Nalko (from AficAoZ);—Cu=Carpo (from 

Gofrwm), 

Hg=Kwakko (from (Juic/fcsilvor);—Ag=Targo (from A»’(/onZum) ;— 
An=Galto (from (7o/c(!);—I’t= Plato (from i’latinum);—rd=Palto (from 

* The author’s system of nomonolataro Is specially ailapted to the German language, 
and could not be made available in English without many alterations, ospedally in tho 
vowel-sounds used to denote numbers. It is suffieiout, however, to give tho original form, 
as there is hut little )iri)hal)ility that this or any similar system of noinenchituro—which 
would ill fact involve the noijUisitUm of a now huigungc—will ever he generally ailojitcd. 
Novcrtholess the system is weil wortliy of attention, if only for tliu iiigemiity displayed in 
its construction. (For olmcrvations on tlio iioeessily of preserving a marked distinction 
between names andformiiiic, vid. Dumas, /.epoHS de Philosojihie c/ihni/jue.) [W.] 





/’aZ?adium);—UrsPrado (from /ihotZium);—Ir=ravto (from Jricftum);_ 

OB=Pasino (from OsHiium). 

In comliiniiift Uus immoH of tlio olomoutfi, tlio final <? Is droiipod, and if 
tlvo comjitmnd coiilain.s mnvo tlnin ono atom of any olomont, tho a in tlio 
namn of tliat olonunit is clianootl into tlio vowol wliich donotoa tlvo 
inimlicr of atouiH jiroHont. 

Tims: IIO~Alan; IIO’s=Alon; CO’rzAson; SO’=Afon; SO“=Afiiv 
SW=Kfonj SW=Kfmi; SHPrrlfun; y‘0“=0fnnj C10’ = Akaun; 
S'Cl=l':rak ; SCl = Afak ; l>Gl==Ai)ik; P01“=Aimk; Bli'’=Arilf - 
NIP=At('l; NIP“Atilj NIP=Atolj NIIMIOl or NIPCl=AtiI.Alak oi- 
Atolnk; K()=:Patanj Al'-'0’=Tolminj l<’o-0''=Movtin; Fu''0'‘=Mirton : 
Fo'‘CP=M()rtik. 

Sinco li lias tlio ni;,Mnficat,iim of Dolhini/, all oxyf);cn-t'.omp()unds may 
bo dosif^natod as Ihiide; bydvo^fon compounds as Ulidf ; dilorino com¬ 
pounds as Hkide; sulplvuv-compoumls as Ujidi'; iron-compounds as d/ij?'- 
iide, ito,—In a similar mauuor, tlio oxidos of iron may bo callod Miir- 
tilnide, its sulpliur-compounds as MUrliiJidf, &o. 

Simple salts may bo dmiolod as follows: KO,CO'^= Pa/nn-Asm; 
Vin.0,=Jkirau-Ajin; At'0,'S()'‘= Titri/an-Aliin ; KtlljPtGPssPata/j- 

rialck. 

If tbo proxiuuito noiistituout.s of salts do not onlor in 0([ual uumbors 
of atoms, tlio iiuiiibor of aloiiis must bo cxprossod by ii. vowol, prncodod 
or followed by aj (wliirli letter does not occur in tlio iiaiiio of any of tbo 
olemoiils); e.f/., ; KO,l!l()’™/’<{/(«(-4;V(sc/iiwv 

OVhO,1^0‘=:>f(trplMiiiaH~Atun. Tbo J procodiis or follows tlio multiply¬ 
ing vowol, according ns tlio name of the olomont begins with a oonsoiiaut 
or a vowel, 

K.vamplos of doiiblo salts: KO,S(P-|-MKa,SCy' or KO,MgO,2SO»= 
J‘(ilan-Ajin-T(dkun-Ajlii, or better: J‘<ilan-'!'(diii)i-ij({/i)i. 

In ooiiipouiids coiiliuiiiiig water, tbo intimately combinod water whiolv 
in formiibo is oxpre.ssed by 110, must likowiso bo distinguislmd by tlio 
name, from tlio li-ss intimately eombiiiod water of crystalliJiation wliioli ia 
oxproHHod Hyiiiladically by A<{. —21IO=^7t7e», ito.; lint Arptr: 
llkM (from IFoascr, tlio a to lio soiindoil Tlio numbor of atoms 

may bo oxproHSod as follows: 

Was Wos Wis Wos Wus Waia Walis Wans Wils Wasii 

I 2 3.4 ® 0 7 « !) 10 

Wasa Waao Was! Waao Waaii Wasai Wasali Wasau WaHil Wosii 

II 12 13 _ 14 15 It! 17 IH 1!) 20 

Wosa WosQ Wosl Woao Wosu Wosai Wosaii Wosan Woafi Wiaii 

21 22 23 24 2.5 20 27 2H 29 30 

Accordingly: NaO,SO”+10A((. = IFueii;— CuO,NO'’-|-CAc[. 

= Ga)' 2 Hm-Airtn-l]''ai8; — 2NaO,lIO,PO'-|-24A(p ™ JencUan-Alan-Apun- 
Weso ;—0NaS,SbS''-t-lHAq.=i/t?trt5{/'-d/rtjii!(/-|l''rta('«t;—and, to tako ono 
of tbo most comjilicatod componmls: NIPC),Ar'‘0'',4SO“-l-24Aq.=rl7oten- 
Telmin-Ojnjln-W'esn, This last expimsion is certainly longer than 
ammmoralum! but it is sliortor lhau cryslallmd armmtiia-akm, and 
oven than tlio formulaj—for tho wliolo word contains ton syllables; 
wliereas tho formula, whon road, contains oightoon syllables, and tho 
composition Is oxprossod quito os precisely by tho word. 

I do not soo many sources of inaccuracy in this attempt. An objec¬ 
tion may, it is true, be raised to the expression of tho numbors of atoms 
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by tou vowols and diphthongs, which in pronunciation aro not always 
very clearly distinguished. But the clicinist, who knoM’-s how much tlio 
designation of a compound depends upon the exact i)ronni)ciatlon of these 
sounds, will take care to sound tlioni oorroctly. If wo were to stop the 
number of distinct sounds at u=5, wo should bo obliged, in oxpro.ssing 
higher numbers, to make use of tho inoonvoniont quintal system, in which, 
for oxam]do, wo should have, anu=SQ, <mii=CO, ane=70, &c., and in 
which laAq. would bo expressed by wisi, and 24Aq. by tuoso. This 
system would bo dillioult of apiillcation. Moreover, tho use of diph¬ 
thongs introduces more variety into tho names. 

A confusion of tho consonants, and consequently of tho elements, ia 
not so much to bo approhondod. 

Finally, the hitherto nnaccustomod sound of those words would by 
practice become as familiar to us as tho chomical formula in which tho 
elements aro denoted by letters, tho only difforeuco being that actual 
figures are more easily undor.stood than iiumbors cxjiressod by vo^vels. 

In working out tho details of this uomonclatiiro, it would doubtless bo 
found that many additions and iinprovomonta wore necessary. At pre¬ 
sent, however, I content niysolf, so far at least as tho inorgiinic part is 
concerned, with iiitrodiicitig this attomi>t, in it.s princ.ii)al features as 
above pro.sontod, to tlio notice of the choiuical world, and shall, perhaps, at 
a future o))portuuity dovolop it iu detail, availing inyHolf of all additions 
and corrections that may ho suggested. 1 shouhl not indeed have brought 
it forward on tho jirnsout occlusion, hut for tworoasons: first, that I have 
tho satisfaction of observing tluit tho ntomio weights ado])tod iu this 
Hand-book meet Avith continually increasing accojitation, whereby tho 
obstacles in tho way of a generally rocoivod stoVchioniotrical noinon- 
claturo aro grailnally being removed,—and secondly, that thoro appears 
to bo an absolute nooosHity for tho iinmediato adoption of such a nonion- 
olatnro in tho case of orgauio compoumlH, iu order that wo may at least 
bo able to give names founded on stoVohiomotrical relations, to compounds 
which aro yet undiscovered or but little known. 

In tho nomonolaturo of orgauio coiniionnds, somothing more is 
required than tho names of tho elements and tho oxiirosslon of tho num¬ 
bers of their atoms bjy yoavoIs— tho numbers being, in fact, too largo for- 
this mode of oxpi’ossion, If, for oxmnplo, avo Avonld doslgnato l^ara^iit 
in this manner, avo should obtain tho expression i 0mm-Ulu, Avhich, 
though a short word, Avould not bo otisily imdueod to numborH. Tho 
same inconvonionco is oxperioncod Avith conijummlH, both organic and 
inorganic, Avhich c(mta.in more than t) At. of Avator of crystallisation; 
those, hoAvovor, seldom conui into compari.sou Avith organic compounds 
containing more than 1) At. of carbon and hydrogen, 

For these roaaoiiH, it is further ncousaary to give a distinct name to 
each primary nuoloiiH, so that its name may at once express tho largo 
number of carbon-and hydrogon-atoTua which it contains. Tho number 
of those atoms which either alter tho primary nucleus by substitution, or 
attach thomsolvos to it os an onvolopo, Holdom exceeds eight, and i.s 
therefore easily expressed by vowels. Secondary nuclei, such as tho 
various kinds of sugar, which contain a largo uumbor of atoms capable of 
rcplncement, are perhaps best expressed by particular nanios. In order 
that tho nuclei imiyho readily distinguished iu the comjmuuds which they 
form, their names must begin Avith a consonant and end Avith a consonant 
followed by a short c; for the hitherto roceiveil tormimitions in en or xim 
might bo mistaken for 20 or .'jllr. In order, thoroforo, that tlio micloi 
may ho readily distingiiishod from motals, their names aro host formed, 




not witli tlio vowels a and e, bnt with other vowels or diphthongs; for as 
the metals rarely enter into combination, in more than 2 At., their names 
almost always contain the vowel a or e, —and as organic nuclei rarely, if 
ever, enter as more than 1 At., they retain the vowel or diphthong ori¬ 
ginally assigned to them. Lastly, if wo oven regard Stilbono [Stilbn), 
as a compound of 2 At. Benzene {Bume), C'*!-!", it may still bo 
allowed to retain a j)artioular name, the more esj)ooially as it is not yet 
satisfactorily proved to be a double atom of benzene. 

In carrying out those principles, it i,s, unfortunately, necessary to 
alter more or loss the names Iiitherto given to the nuclei, and, in so 
doing, wo can pay but slight regard to otymolog}’. Tlio following are 
examples of the alterations required: Palono or Methylene, C^IP, into 
Forme; Etlieno or Kthylono, C'H'*, into Vine; Butyreno, C®IP, into Bute; 
Amylcne or Myleno, into Myle; Phoneno, into Jfiine] 

Benzeno, into Jhmte; Salene, C'‘H“, into Tole (from Toluol); 

Cinnamine or Styrol, G“I-P, into Biyre, &c. 

When a primary nucleus is transformed into a secondary nucleus, 
the final e is dropped, and the elements which i' 0 ])laco the hydrogen are 
annexed, the number of their atoms being denoted by the a])i)roi)riato 
vowel. Thus the secondary nucleus, C*I'PO, of Vine, which is supposed 
to exist in acetic acid, is called Vinau; the secondary nuclei of Vme, pro¬ 
duced by chlorine, viz., CTPCl; OTPCP; G^HCP, and C'‘C1'‘, are denoted 
respectively by: Vintih, Vinelc, Vinih, and Vinoh. Indigo, G'“IPNO^ 
regarded ns a secondary ivuclcus, derived from Styre, G'“IP, is called 
Styralai. In these names, the accent is to bo laid on the syllable 
denoting the nucleus. 

Since the hydrogen in the nucleus is likewise often replaced by 
NO' and NI-P, perhaps also by Nil and by SO^, it is advantageous to 
express these compounds by the monosyllablos, art (from Nifro), amt 
(from Amidogeti), mit, and ((ft. TIium, for example, Nilroheiizido, 
C'2I-PNO'=C«IPX=;AiM<»'<!/ Binitrobonzido, G'nPX“=:Z'’M»frf; Phtlui- 
limido, C“'IPAdO'''=:jS'tyrainton; Sul)>hobonzidn, C''IP(S()’) = /''(t)iq/ll. 

If the nuclei are surrounded with onvolopo.H, the onvolopiug sub¬ 
stances are jilaocd before (lie nucleus, the vowel following the censoimnt; 
0 . g.. na instead of an; la instead of aZ, &c. Thus marsh-gas, C'lryPrs 
Lefornie; aniline, G"‘lPN,I-P=Z10t.?iat;—nldehydo, G‘ir',0'b or CMPtljIIO 
=AfsrM!« or Lanavinan; jilionoiis acid, C*MP,0“ or 0'“lP0,II0:=:A^(p^ttwa 
or Lanafunan ;’—chlorophenossio acid, C‘''I-l‘Cl'‘,0’‘=A^i^ineA'; bromo- 
phonissio acid, C''‘I-PBr'',0’=Ah?/Mjw?»y—chlorophenussio acid, C'®HC1“,0’ 
Fefunuh ;—nitrophonissio acid or picric acid, C“IPX“,0“=A’'cAMttVi;— 
chloracetamide, G''CPAd,0''‘ = A^mna9n<!b,' — noetic acid, C'‘HbO'‘ or 
C'I-PO,HO''' = Novine or Lanivinan; acetate of potash, C'IPK,()'‘ or 
ovinepat or Palinvinan. The oil of olefiant gas, 0‘IP,CP 
or G^I-FGhHCl = ZCeuiiis or LaJeavinak; sesquichlorido of carbon, 
= Kevinok; alcohol, C'IP,rPO“ or G'IPO,rPO = Acnewna or 
Zinavinan ;'—so likewise mercajrtan, C'‘H‘,H“S’, or C'^IPS,IPS—Ze/evine 
or Lifavinaf, &o. 

With the exception of the now names of the miclci, which may 
perhaps bo thought preferable to the old ones, it is not my intention 
formally to introduce oven tlio organic part of the above doaoribod 
nomenclature, but merely to insert the now names in their roapootivo 
places, within threo-cornorod brackets, in order that some idea may bo 
formed of their probable adaptability. 

This nomenclature by no moans excludes particular names for typos, 
both of the onvolope-nuoloi and of copulated compounds (s. g., Ahlidos, 
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Alcohols, Kotonos, Compound Ethors); on the contvavy, tho designation 
of the inoro complicated coinpoiuula, such as tho oxygon-acid others of 
copulated acids, &c., aro facilitated by its use. [For further details, see 
those compounds.] 


VII. Genjouai. View oe Type.s. 

A. Nuclei. 
a. Primary Nuclei. 

Those nuclei consist wholly of carbon and hydrogen. In those which 
are known in tho soparale state, the nnnibcr of carbon-atoms varies from 
2 to 48, and tho mnuhor of hydrogou-atoms is to that of carlion-atoins, at 
least as ] to 3, and at moat as 1 :1.—Thii.H,CIirysono = C-'H''; Anthracene, 
Stilhono. Naidithono, C-'dl"; Plionono, C'-'Il"; Terobone, 

&c. Further, Palono or Mothyloue=C“IP; Etlicno or Ethylene, 
CTl^j Bntyrono, C“[l"i Amylono, C“'ll“'j Oleono, Cetone, C^^jlF-, <8:o. 

Many primary nuclei aro notyot known in the soparato state; e.r/., Uonzono, 
which must ho supposed to exist in benzoic acid, &c.—In certain 
primary nucloi, not yot known to exist in the sopiiriito state, e. </., in that 
from whicli sugar is derived, tho nuuibor of ll-atoms exceeds tlio nuiubor 
of C-atoins. 

Most of tho known Jfi/dvncavhom aro primary nucloi; some, howovor, 
aro oompounda of pi'imary nucloi with two additional atoms of hydrogen; 
e. g.. Marsh-gas, which may borogimlcd as a compound of mothylono 
with I-P. As these two kinds of hydrocarbons cannot bo distinguished 
with certainty, it will ho most convenient to consider them together. 

Those hydrocarbons consist, either of gasos distinguished hy great 
illuminating power, or of thin oily volatile limiids called Volatile Oils; 
or of oryst^lino, fusiblo, and volatile bodies oallod Camjdiora or Stearop- 
ienes; or of waxy and resinous bodies, like Pavallin, Ozokerite, and 
Caoutohouo. 

The following tablo contains tlio best known hydrocarbons, arranged 
in tho asconding order of the carbon- and hydrogon-atoms. 

Tho dotormination of those nuiuhors is oll’octod hy tho following 
jnothocls : 

1. By ascortaining from what other comjiounds a cortain hydrocarbon 

is produood. Tims, wlion alcohol is distillod with oil of vitriol, and like¬ 
wise when fusel-oil is distillod with pho.sjihorio acid, a hydrocarbon is 
produced containing carbon and hydrogen in 0 (|nal mimuors of atoms. 
But since alcohol is CT’PO^, and fasol-dil is wo coiiolndo that 

tho hydrocarbon dorivod from alcoliol (olofiant gas)=C'‘II'‘, and that 
which is prodncotl from fusol-oil (amylono or inylono) = 

2. By dotermiuing in what proportion a hydrocarbon combines with 

other substances, and in what proportion tho hydrogon-atoms are substi¬ 
tuted therein. Sinco, for oxamido, oil of turpontino, rogardocl as 
takes up only IHCI, its formula cannot very well bo or C’!!', as, 

in that easo, 1 At. oil of tuipontino would take up only a fraction of an 
atom_ of hydroclilorio acid, viz., ono-half or ono-fourtb. (In somo oasos 
of this kind, howovor, it is tliouglit proforablo to suppose that 2 or 4 At. 
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of a hyclrooarbon take up 1 At. of another substance.)—Again, as In 
pboneiie, IH is replaced by IX, the formula of pbenone cannot 

very well be reduced to C^H®, or O'*!!® or C^H. 

3. By comparing the observed vapour-density of a hydrocarbon with 

that which is given by calculation from the assumed formula, on the sup¬ 
position that a diatomic gas should bo produced. Thus, according to 
the numbers adopted in the present work, should give the follow¬ 

ing vapour-density: 12 vol. C-vapour=‘l-9920j G vol. I-I-gas=0' 

.sum = 5-4078j and_5'4078-l-2-r-2-7039 =caleulated vapour-density; the 
observed density is 2-77. The formula C®tP would make the density 
only half, and the formula C^'H only one sixth as great. 

4. By comparing the observed boiling point of a hydrocarbon with that 

which it should have, aocardlng to calculation. In the column headed 
“calc. ’ in the following tabic, the starting point is the boiling point of oil of 
turpentine the mean value of which is 1 G0“. Prom tliis the several 

numbers are calculated according to Gerhardt’s law (j). 57), that each 
addition of 2C to a compound raises the boiling point to 3.5°, and each sub- 
straction of 20 lowers it 35°; while, on the other hand, each addition of 2H 
lowers the boiling point 15°, and each subtraction of 2H raises it 15°. For 
the present, we must content ourselves with a modei-atcly near approxima¬ 
tion, as, indeed, the table shovvs.—If we find, for example, that in dis¬ 
tilling fusel-oil with phosphoric acid, we first obtain an oil boiling at 35°, 
and regarded as Araylene, but afterwards an oil which boils at 

1C0“, wo must suppose that 2 At. Amylene have united and formed 1 At. 
Paramylene, C“H“. 

Boiling point. 


c 

H 

calc. 

Obs. 

at 0® 


2 

2 

-50° 

3 

gas 

Methylene = Pnlono ( = Forme) ; not satis¬ 
factorily known in the free state. 

2 

4 

-65° 

J 

gas 

Marali gas = 

4 

4 

-.10° 

3 

gas 

Olefiant gas = Etliene or Ethylene ( = Vine). 
Faraday’s most volatile empyreumatic oil, 
probably = Butyrene or Butylene (= liuie). 

8 

8 

+ 10° 

-10°.’ 

gas 

10 

10 

30' 

+ 39° 

oil 

Amylene = Wylone ( = Myta, probably = 
Caoutclieno. 

12 

6 

96° 

86° 

camphor 

Benzine = Plieneno or Plicnylene ( = Pune) 
= Faraday’s oil-gas eamphor. 

12 

8 

80° 

135° 

oil 

Mesitylene (probably = C*"1I‘^). 

12 

12 

50° 

55° 

oil 

Oleene ( = Prone). 

14 

8 

115° 

114° 

oil 

Benzocne = Toluol = Drneyl ( = Tote) ; 
also Ketinnnphlha which boils at 106°. 

14 

12 

85° 

85° 

oil 

Most volatile portion of Rock-oil. 

16 

8 

150° 

146° 

oil 

Cinnamcne = Styrol ( = Styre). 

16 

16 

90° 

115° 

oil 

Naphthene, in rook-oil, probably = Elaeuo 
( = Pryle), winch boils nt 150°. 

18 

12 

155° 

153° 

oil 

Cumene ( = JCumc), probably = Retinyl, 
which boils at 150°. 

18 

16 

125° 

135° 

oil 

Cnmpholene (= Foie). 

20 

8 

220° 

221" 

camjihor 

Naplithalin = Naplitlieno ( = Nqfte.) 

20 

10 

205° 

200° 

carnnhor 

Schccrovite. 

20 

14 

175° 

175° 

oil 

Cymenc = Camphogene (= Cyme) probably 
also = Tolene, which boils at 170°. 

20 

16 

160° 

142° 

oil 

Neutral oil of cloves. 

20 

16 

160° 

150° 

oil 

Oil of turpentine in its different isomeric 


conditions; Saviiip. nil. .Timlnpi* nil 
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Boiling point. 



c 

cnlc. 

Obs. 

at 0° 


20 

18 

110° 

103° 

oil 

Mentiicnc. 

20 

20 

1,10° 

100° 

oil 

I’artuuylciic. 

24 

8 

2!)0° 

? 

camphor 

Chrysene. 

24 

22 

200° 

100° 

oil 

NaplitUol in rook-oil. 

28 

12 

310° 

? 

camphor 

Stilbcnc. 

30 

10 

380° 

abovcl 

300°; 

camphor 

Idrinlin, probably = Succistorin. 

20 

12 

305° 

nbovo) 

300°) 

camphor 

I Anthracene, with wliich also Pyrono is 
1 isomeric. 

30 24 

27,0“ 

2G0° 

oil 

Oil of Copaiba and Oil of Cubebs, probably 






= Cedrene, wbieh boils at 237°. 

32 

IR 

370° 

238° 

oil 

Retinol. 

32 

32 

250° 

275° 

oil 

Cctnnc. The formula C®H"'- probably be- 


longs (ilso to tlio following substances: 
Wine-oil oamiihor, 2(10°; Wine-oil, 280; 
Roso-camphor, 280°. 


30 22 

395° 

300° 

camphor 

PhyllorciUn (?) 

Tekorotin {}) 

30 32 

320° 

300° 

camphor 

38 38 

310° 

315° 

oil 

Ilevceiio (?) 

40 32 

390° 

315° 

oil 

Colophene; Petrolene, whioh holla at 280°, 
likewise belongs to this place, so far as its 
other projicrties are eoneerned. 

40 40 

3.10° 

3Qfl° 

solid 

O'/.okevite (?) 

48 GO 

390° 

380° 

camphor 

Pnramii, prol)ably C^II'MP. 


Oil of wax, Aurad, HatclioUin, Caoutclioiio, &o., contain xCH; Ficlitc- 
lito, xC*IPj Hai'tito, xC“ir‘j but witli roopoct to thcso and a fow otlior 
hydrocarbons, wo aro in want of observations of tho facts I—4, in ordor 
to dotoruiino, with any dogroo of certainty, tlio number of atoms wliioh 
they contain. 

Prom tlio talilo just given, tho following conclusions may bo drawn : 
Carbon gonerally oombinos with hydrogen in very simple numorioal pro¬ 
portions, and most frequently in tlio ratio of 1:1; and thus there is 
produced a sorios of polymeric compounds, all of which contain G pts. C 
to 1 pt. H, while tho individual atoms in some oasos contain 2, in others 
4, 8, 10, 12, IG, 20, 32, 38 or 40 At. C and H. To this series, also, 
belong Oil of Wax, Aurad, Hatchottin, and Caoutchouc, in which tho 

number of atoms cannot at present be determined_Tho ratio of 2 :1 is 

also of froquont occurrence, as in C’H" and C’”I-P;—also that of 3 :1, as 
in and —that of 3 : 2 in —that of 5 : 2 in C“H“ and 

—that of 5 : 4 in C’'’fl'“; C™H-\ and C“I-P*. More complex rela¬ 
tions aro of less frequent occurrence. 

Those hydrocarbons which contain not more than 8 At. carbon, are 
gaseous at O'”, and may bo reduced by cooling and pressure, to very thin 
oils. Those which contain more than 8 atoms of carbon, aro either oily or 
solid, and in the latter case, crystalline and camphor-liko. 

These compounds aro more inclined to tlio oily and loss to tho cam- 
phoroidal state, in proportion as tho number of elomontary atoms which 
enter into the composition of tlie compound atom is smaller, and as tho 
carbon j)rodoniinatos loss over the liydrogen. Thus, all liydrocarbous 
whici) may bo represented by tho formula wCH aro oily, excepting Wlno- 
oil canijihor, lloso-camphor, Aurad, Ozokerite, Hatchottin, and Caout¬ 
chouc, all of which, to judge from their boiling points, must contain a 
largo number of olomeutary atoms; Para.irm also, doubtless owes 

its camxihoroidal condition to tho same cause.—Qn tho other liand, all 
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hydrocarbons in wliich the ratio of the C-atoms to the H-atonis = 2:1, 
or 5 : 2, or 3 : 1. aro camphoroidal, even when the number of elementary 
atoms contained in their compound atoms is comparatively sinallj C'^IP, 
for example, forms a camphor. The only exception is the oily substance, 
Retinol, 

Until lately, the nou-gaseous and non-resinoua hydrocarbons were 
included in the same family with a number of compounds of similar 
nature, but containing small quantities of oxygen, or sulphur, or of sul¬ 
phur and nitrogen, besides carbon and hydrogen. This family is that of 
the Volatile, Ethereal, or Essential Oils in the wider sense, which, according 
as their melting point is below or above 0“ arc divided into Volatile Oils 
proper, and Camphors or Slearoptenes. 

As the composition of many compounds included in this family, which 
are frequently mixtures of true hydrocarbons with oxidized hydrocarbons, 
is not yet sufficiently Icnown to admit of complete and exact soiiaration, 
and, moreover, their formation and preparation, their properties, docom- 
jjositious, and combinations ])re6ont many points of resemblanco, it will 
be best to introduce in this jdaca .a general view of volatile oils in the 
wider sense. 


Volatile Oils in general. 

Preparation: Fn. Hofmann. Opuscula phys. chim. Lib. 1, n, 1, 
p. ].—Demachv. Lahorant ini Grossen, 1, 235.—Dbune. Crell, cheni. 
J. 3, C.—SouDEiRAN. J. Pharni. 23, 537; also Ann. Pharni. 25, 241; 
also J. pr. Ohem. 13, 123.—RAYBAun. J. Pharni. 20, 437.—Bley. 
Mepert. 48, 92.— Dann & Volteh. Eepert. 55, 354.—Van Hees. 
Pharm. Oentr. 1847,380.—ScirAAiiLiNO. J.pr. Chem. 50, 375.—Cahouks. 
— On tlie liglit oils obtained in tho Distillatiou of Wood. Gompt. rend. 
SO, 126.—Stenhouse.— On the oils produced by the action of Siilpluirio 
acid on different vegetables. Ann. Pharm. 278; Cheni. Gaz. 1850, 
319. 

Specific Gravity: Mautius. Rep&-1. 39, 234.—Bhandes & Reicit. 
Brand. Arch. 21, 155.— Guiboukt & CnAiiniN Hadancourt. J. chim. 
med. 7, 590.—Van Hees. Pharm. Gentr. 1847, 380; Jahresher. 1847-8, 
708; Arch. Pharm. [2], 61, 18; Phami. Gentr. 1850, 157; Jahresher, 
1850, 486. 

Chemical Relations, Composition : Boeriiaave. Elementa Chemice, 
2, 124.— Gren. liandh. dev Chem. 2, 217. —Foercroy. Seller. J. 3, 
539. —Robiquet. Ann. Chini. Phys. 15, 27; also N. 'Pr. 5, 2, 103.—■ 
Saossure. Ann. Chim. Phys. 13, 259, and 337; also Schw. 28, 380; 29, 
165 and 30, 364; also N. 'Pr. 5, 1, 221 and 5, 2, 112.— GObel. N. 'Pr. 
5, 2, 10.— Dumas. Anii. Ghim. Phys. 48, 430; also 60, 87. Ann. 
Chim. Phys. 50, 182 and 225; also Schw. 00, 73 and 80; also Ann. 
Phann. 5, 5 and 6, 257; also W. 'Pr. 20, 1, 231. J. Pharm. 21, 191; 
also Ann. Pharm.. 5, 5 and 0, 257; also N. Tr. 20, 1, 231. J. Pharm. 
21, 191; also yl?m. Pharm. 15, 158; also J. pr, Chem. 4, 437.— Dumas 
& Peliqot. Ann. Chim. Phys. 57, 334; also J. pr. Chem. 4, 380.— 
Sell & Blanohet. Ann. Pharm. 6, 259. —Blanodet. Ann. Pharm. 
7, 154.— Kane. Phil. Mag. J. 13, 437.— Zeller. Ja.hrh. f. Pharm. 
18, I, 73, 153, 217, 281, 353; 19, 1, 65. 

Alterations produced by Cold, Light, and Air: Maueueron. J. Phys, 
45, 136.—Tingby. j. Phys. 5Q, mi. —Sbb. Buouolz. Taschenh. 1785, 



101.—Bizio. Bruf/n. Giorn. 10, 3G0.—Unveedouhen. rogg. 8, 48,3— 
Til. Saxjssuee. Ann. Ohxm. Fliys. 40, 225; also Fogg. 21, 370; also 
Ann. Pharm. 3, 157- 

jDecoxnposiiion hy DisliUalion xoith Earthy SvhsLanccs: IIasse. Crell, 
Aim. 178G, 2, 3G and 128.—W. B. Tiiojimedoiifp. Biss, de olds essen- 
tialihus, Asc. Erf. 17CG. 

Becomposiiion hy Nitric Acid: Olaus BAEiiicmus. Thom. Barlho- 
Kni Acta ined. et philos. Hafii. 1G71. — Fii. HoEUfANN. Opusc. phys. 
chim. Lib. 1, Obs. 3. —Geoepeoy. Mem. de I’Acad. de J’aris, 172C>, 
95. —Bouelle. Ibid. 1747, 43. — Sciieki.e, Opusc. 2, 2()G. —Hasse. 
Oi'ellN. Endldeck. 9,42; am\ Grell Ann. 1785, 1, 422.— Kem. Crell 
Ann. 1785, 1, 302. —Geen. Crell Ann. 178G, 2, 151. —Doi.i.PUS!?. 
Crell Ann. 1787, Ij 443. —PiiousT. N. Gehl. G, 376. —Geottiiciss. 
N. Oehl. 8, 700. —Bonastee. J. Fhaiin. 11, 529; also N. Tr. 12, 1, 180. 

Action of Sidphniric and Hydrochloric acid; IIasse, Crell Ann. 
1786, 2, 3C and 128 .—Acuaed. Chcm. phys. Svhriften, 30,5. 

Action of Iodine: Tuciien. Kurze iibersiuht dcr wichtigsten Ilea- 
genlien, s. 5 G.—Wai-okue. Fogg. 6, 126.—Elasiioep, Ekij.ek. IJr. 
Arch. 33, 225 and 3G, 257 .—Winoki.ee. Itvperl. 32, 271 and 33, 185.— 
Guyot. J. scienc. phys. 5, 230.—Wki.e. Ann. Fharm. G5, 230; also 
Fharm. Centr. 1848, 230; also Jahresb. 1847-8, 709. 

Volatile, Ethereal, Essential, oi’ Distilled Oils in general are orpfanio 
oompounda, oithor oonsisting wholly of oarbon and liyilrogon, or of tlio samo 
olomoirta with addition of small quautitios of oxyjiou, sulphur, or nilro- 
gon; inoatly oolourlcaa; of ajiooifio gravity from 0’G27 to 1'094; raroly 
heavier than walor, and then only in a slight dogroo; c.apablo of aaauniing 
the crystalline form at various temperatures from below— 27"^ to + 240°; 
of thin oily consiatonoy at higher tompornturos; a.nd wholly or partly 
volatile at still higher tomporatui'os; they leave a tranaient oily atain on 
paper; have a peciilinr and generally pungent odour, agreeable in some 
oases, repulsive in others; and a strong, mostly warm and aromatic 
taste;—they burn with a bright but very sinolcy llamo, and dissolve very 
sparingly in water, but readily in alcohol and ether. 

If the volatile oil is liquid at 0°, it is called Volatile Oil proper, 
Elaioptene (Berzelius) or Ilygrusin (Bizio); if it does not molt till hoatod 
above 0°, it is distinguished by the term Camphor (Naumnnn, Chymia 
Medica, J75], 1,238), Gam 2 ohoride (Trommadovit), Stearoptene (Berzelius), 
or Stereusin (Bizio). 

History. Boerliaavo rogardod volatile oils as compounds of a resinous 
substratum with a peculiar odorous principle, Spiritas Rector Aroma, 
which ho supposed to ho highly volatile and scarcely ponderable, and to 
bo the cause of moat of tho orloiirs of organic bodies. At prosont, how¬ 
ever, it is supposed, as first suggested by Gron and Pourcroy, that tlio 
peculiar odour of volatile oils is a property belonging to tho bodies 
themselves. 

Sources. 1. In tho animal kingdom, in ants, in castorouni, in am¬ 
bergris, in the stinking liquid of the Viveima Futorkis, and probably in 
many otbor odorous animal products.—2. In tho vegetable kingdom, in 
very largo quantity, in almost all ])arts of tho plant, as in tho wood and 
bark of tlio stem and root; under tho epidermis of tho leaves, calicos, 
petals, fruits, &c.; iu tho difi’orout coatings of tho seed, and in tho cellular 
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tissue of tlie seed-vessels; lurcly in the albumen, and sometimes even in 
the embryo of the seed. (Wahlenberg, N, GeM. 8, 134.)—3. In the 
mineral kingdom, in rock-oil. 

Many volatile oils are artificially formed by the decomposition of 
other compounds, mostly organic. To this class belong the volatile oils 
produced by heat, by fermentation, by sulphuric or phosphoric acid, and 
those obtained from cast-irou. 

1. In the Dry or Destritctive Distillation of most other organic com¬ 
pounds, there passes over a watery liquid, together with a Wown oily 
liquid, sometimes of thin, aomethnes of tliick consistence, which is a mix¬ 
ture of various volatile oils, resins, and other substances. The oils thus 
produced are called Ewpyremnalic Oils. (Bremliche, hrandiye, Oder envpy- 
reumatische Oele, Pyrelaine, pp. 73, SO, 81.) By repeated distillation 
with or without water, the einpyreuinatio oils may be freed from resins, 
and obtained in the form of thin, colourless fluids. By distillation over 
lime or potash, oils which do not combiuo with those alkalis may be 
freed from acetic and various empyveumatio acids; similarly, by distilla¬ 
tion over dilute sulphuric acid, they may be freed from ammonia aud 
certain volatile alkaloids, which arc likewise formed in the dry^ distilla¬ 
tion. The product thus obtained is cither a simple cmj)yrcumatic oil, or 
a mixturo of several; the mode of separating them in the latter case will 
bo explained when m'o come to speak of the individual oils. 

These enipyreumatic oils also aro either puro hydrocarbons, such as 
Eupiono, or oxidized hydrocarbons, like Creosote; iu like manner, some 
of them aro oils properly so called, such as those just, mentioned, while 
others are camphors or stearoptenos, like Naphtbalin. 

Many empyroumatic oils aro produced by distilling organic compounds 
with excess of baiyta, lime, anhydrous phosphoric acid, or chloride of 
zinc. The two former bodies servo to withdraw the wholo or the greater 
part of the oxygen from tho organic compound in the form of carbonic 
acid, the two latter to remove it in tho form of water. 

2. Volatile oils produced by Fermentation. —Many volatile oils appear 
to be formed in the vinous fermentation, and other similar processes of 
decomposition of inodorous parts of plants,—e. y., fusel-oil (which, how¬ 
ever, is an alcohol), and the oils obtained by leaving llh. Qentaur. min., 
Farfarce, Maruhii, Trifol, fihrini, &c., to ferment iu contact with water, 
and distilling the fermented mass. 

3. Volatile ails produced hy Sulphuric add. —To this class belong Oil 
of Wine, produced by the distillation of alcohol with excess of oil of 
vitriol, Furfurol, and other oils of similar naturo, which pass over when 
dilute sulphuric acid (with or without addition of oxido of manganese) is 
distilled with sawdust, gluten, starch, sugar, &c. 

4. Volatile oils produced hy Fhosphoric acid. —Poppormint-camphor 
distilled with phosphoric acid is converted, with loss of water, into Mon- 
thene, and Ethal into Cctcne. 

5. When cast-iron is dissolved in dilute hydroclilorio or sulphuric acid, 
hydrogen gas passes over impregnated with tho vapour of a volatile oil. 

6. The volatile oils of Spircea ulmaria and Oaidiheria procjmJens 
may likewise bo obtained hy artificial processes. 


Those volatile oils which exist ready-formed in plants and animals 
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1. By .Pre&mi'a. —This mctliod succcgcIs only •wlUv certain parts of 
plants which aro very rich in oil, such as lemon ami orango-])Col. 

2. ZIwhWaiioH, geuorally with addition of water.—Heating without 
water is apt to produce charring and adinlxturo of ompyrouinatic oils. 
The substances containing the volatile oil aro either mixed with water in 
a largo still or retort, and distilled after sufliciciit maceration; or thoy 
aro placed in the dry state ou an upper perforated base ol the still, and 
suhjoeted to the action of vapour of Avator. Although the boiling point 
of most volatile oils is above that of water, they novertboloss volatilize 
at 100 , in conscc|uonce of the adhesion of the oil-vapour to the vapour 
of water produced at that temperature. (I., 2C5 and 2CI>.) In the distil¬ 
lation of the loss volatile oils, however, it is usual to add comuum salt to 
the wn.ter, in order to raise tho temperaturo a few dogrccs, and thereby 
increase the tendency of the oil to pass over with tho aqueous vapour. 
Tho vapours condonso in tho cooling tube or receiver, Avliich is kojit cold 
for tho ])urpose; and the Avator takes up as nincli of tho oil as it is 
capable of dissolving. If the quantity of oil present is more than snfli- 
olont to saturate tho ivator, tho excess separates out; in tho contrary case, 
tho distillate is cohohatod; that is to say, tho Avator containing tho oil in 
solution is distilled Avith a fresh quantity of tho subatauoo Avliich contains 
tho oil, and thereby made to take uj) a doublo quantity of oil. A more 
abuiulaut product is likewise obtained by distilling the original vegetable 
substance, not Avlth pure Avator, but with water Avhieh has previously 
boon used for the same distillation, and is tborol'oro saturated Avith oil.—• 
If tho oil which passes over readily solidifies, tho cooling tube must not 
bo kept at a very low temperaturo.—Tho oil Avbich collects eltlior at tho 
top or at tho bottom of tho water is separated moohanically from tho 
Avator. This separation may bo for tho most ])art oUbctod during tho 
distillation by tho use of the Flwentine Iloille (Vlorentiner FUisolie)^ and 
other apparatus contrived for tho purpose by Chovallior (J . cldm, mid. 
2, 06), lirandcs (JV, Br. Arch. 14, 189), Dosmarost (/. Bharm. 20, 097), 
and Hiiuslor {Jahvh. pr. Fharm. 7, 96). 

Mfiny plants yield a larger quantity of oil after drying; and when 
distilled in tho fresh state, Avith cold water, they yield a comparatively 
largo quantity of oil together with turbid Avator; but if covered yith 
boiling Avator and then distilled, they yield clear water and less oil. The 
cause of this difforonce is, that when the jilaut is dried, or immersed in 
cold water containing air, the oil oxidizes, and is tliorohy rondorod loss 
soluble in water; honco it forms a poorer and turbid solution, and for tho 
moat part separates out. (Dosiuarcst, J. Fharm. 19, 163; ahalr. Ann, 
Fharm. f), 291.) 

Volatile* oils obtained by distillation, and likoAviso tho Avator Avhich 
passes over with them, have at first an unpleasant, ompyroumatio odour, 
Avhioh, hoAvovor, is not permanent. 

8. Many strongly smelling parts of plants yield no volatile oil, even 
by repeated cohobalion with Avater, probably because tho quantity con¬ 
tained in them is too small, or because tho oil is too soluble in water, or 
too jnuch inclined to decompose by the action of air and boat; e.y., tho 
flowers of many kinds of Fardsms and Hynoinih; of Fohjaniltes Jon- 
tjuilla, Viola odorata, Jasmdvm off., Fhiladeljilma coronurius, TiUa 
JSuropcca, Reseda odorata, Heliotropium Ruropanim. Such flowers, 
placoil in layers betAveon cotton soaked in olive oil, impart their perfume 
to tho oil. 
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feroTis principle in the se])arate state. Robiquet {J. Pharm. 21, 334) 
exhausted the fresh corollas of Poli/anthes Jonquilla with ether in 
compression-filters j separated the upper yellow ethereal stratum of 
liquid from the lower, watery layerj distilled the ether from the upper 
liquid at a gentle heat; and obtained a residue consisting of crystalline 
nodules, together with a mother-liquid, which, when evaporated in the 
air gave off a strong and agreeable odour of jonquils. The crystalline 
nodules, when purified, formed an inodorous camphor j and it appeared to 
Robiquet, that the odoriferous oil was converted into this camphor by 
exposure to the air.—L. A. Ruchner ;(Af. JSr. Arch. 8, 70) obtained 
similar results by applying Robiquet’s process to the flowers of Philn- 
delphus, Tilia, and Reseda. 

4. The less volatile oils, and moi'c especially the camphors, are like¬ 
wise frequently extracted hy alcohol or ether, from which they are 
afterwards separated by evaporation and cooling. 

Many gum-resins, such as myrrh, do not yield the oil which they 
contain, or at least yield it very imperfectly, by distillation with water, 
because it is enveloped in gummy matters. To extract the oil fro\n these 
gum-resins, they are pulverized and then exhausted three times with an 
equal quantity of cold alcohol, agitating frequently, and leaving the whole 
to stand for some time; the filtered tincture is then poured into a tubu¬ 
lated retort, both apertures of which arc left open, .and left for some 
months at a temperature of 12°—21°, till the greater part of the alcohol 
is evaporated (if heat were applied, the oil would likewise pass over). 
The turpentine-like residue is then covered with water, and distilled after 
twelve hours, whereupon the oil passes over in abundance. (Bonastre, 
J. PJearm. 17, 108; also N. Tr. 24, 1, 270.) 

The product obtained by either of these three modes of preparation 
rarely consists of a simple volatile oil, but generally of a mixture of two 
or more oils. The lighter .and more volatile of these is usually a pure 
hydrocarbon; the other is either an oil containing oxygen, or a camphor. 
These bodies are sometimes distinguished by their meltiug points ; thus, 
a volatile oil, properly so called, often holds a camphor in solution, and 
the latter crystallizes out on cooling, especially if part of the volatile oil 
(which is more easily vaporized) has liccu previously driven off. Some¬ 
times again they are distinguished by their different volatility; when 
such a mixture is distilled, the boiling point is at first low, but rises as the 
quantity of the more volatile oil in the residue diminishes, till at length, 
when the whole of the latter has passed over (together witli a considerable 
quantity of the more fixed oil), the boiling point no longer rises, but 
remains constant. In such cases, the more volatile oil generally consists 
wholly of carbon and hydrogen, while the more fixed oil likewise contains 
oxygen. The former may be distilled without decomposition over fused 
hydrate of potash; but the more fixed oil when thus treated, takes up 
an additional quantity of oxygen from the water of the hydrate of potash 
(liberating the liydrogen), and is converted into an acid which remains 
combined with the potash. Hence to separate the non-oxygenated oil 
from such a mixture, it is partly distilled so as to leave behind the 
greater part of the more fixed oil, and the portion which first passes over 
is made to drop slowly through the tuhulus of another retort upon 
hydrate of potash kept in a state of fusion; the non-oxygenated oil then 
passes over pure. (Gerhardt & Cahours, N. Ann. CMm. Phys. 1, Cl.) 

If a volatile oil has been, partly converted into a resin by continued 
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oxposiu’e to tlio air, it may be freed from tlie resin by distillation with 
water.—Any moisture wniob adheres to an oil may be removed by 
continued contact and agitation with chloride of calcium, and subsequent 
decantation. 


Adulteration of Volatile Oils proper. 

I. With F'ixed Oils. — I. Oils thus adulterated leave upon paper a 
greasy spot, which remains even after long-continued warming at 100°.— 
2. When the mixture is distilled with water, the volatile oil passes over, 
while the fixed oil remains, and may bo detected by saponifying it with 
potash.—3. On dissolving the volatile oil in three times its volume of 
80 per cent, alcohol, the greater jrart of the fixed oil remains undissolved. 

II. With Alcohol. — 1. When the proportion of alcohol is largo, the 
greater part of it may bo extracted by water, the liquid acquiring a 
milky turbidity. Ilonco tho quantity of alcohol may bo determined by 
shaking up the oil with an equal bulk of w.ator in a graduated test-tube 
four inches loug, and observing the diminution of volume. (Lipowitz, 
N. J]r. Arch. 2.'), 932.) Tlio result, liowcvor, is not quite accurate, 
bocanso'tho'scparatcd oil still retains a portion of alcohol. — 2. A mixture 
of C) parts of oil of turpoutino and 1 part of alcohol, does not become 
turbid on addition of water, and requires frcqnont agitation with fresh 
quantities of water to free it from tho greater part of tho alcohol. 
Wlion poured iqion water, it may be observed to give uji tho alcohol in 
stria). (Vauqnorui, Ann. Chim. PIn/s. 19, 279; also iSchw. 35, 438.) 
— .3. Tho mixture, when distilled with water, gives olf tho alcohol at tho 
very beginning of tho distillation; and this first distillate, when concen¬ 
trated by rectification, yields alcohol, easily recognized by its smell, taste, 
density, boiling point, and llame. — 4. Into a graduated tube, two- 
thirds filled with tho oil, some i)iocos of chloride of calcium, free from 
dust, are introduced, and the whole lieatod for live ininutos on tho water- 
bath, with froijuont agitation. If no alcohol is present, tho lumps of 
chloride of calcium appear unaltorod after cooling; if a small quantity is 
present, they ajipoar oinoroscod and baked togothor; and a lai’gor quantity 
causes them to dcliqucsco with tho alcolud into a fiuid layer, tho oil 
floating on tho top, and appearing diminished in volume in jiroportioii to 
tho quantity of alcohol present. It is best to introduce only a small 
quantity of chloride of calcium at first, so that, if tho ipiantity of alcohol 
should 1)0 but small, tho alterations in tho chlorido of calcium may still 
bo perceptible, (llorsarolli, J. Pharm. 20, 1, 29.) A mixture of 480 
grains of oil of lemons and 15 grains of alcohol thus treated, converts 3 
grains of chlorido of calcium into n liquid, (llrandos, iV. Br. Arch. 24, 
113.) From some oils, howovor, as from oil of inustard, alcohol is not 
easily separated by chlorido of calcium. (Lipowitz.) — 6. Oil containing 
alcohol takes up small quantities of water without turbidity when 
agitated with that liquid. (Herzog, N. Br. Arch. 28,1C.)—6. Potassium 
oxidizes in tho oil, with evolution of gas, tho more cjuickly, as the 
quantity of alcohol present is greater. A piece of potassium as largo as 
tho Semen Psyllii should remain unaltorod for five minutes in a drop of 
puro oil; with ■aV, of alcohol, it disappears in loss than five minutes; 
with d', in loss than a minute; in which case it runs about like a 
shining fused motallio globule till it ia oxidized. (Bcral, J. chim. mtSd. 
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detected with certainty, 3 V with less certainty, ^ hut uncertainly; if the 
alcohol amounts to or less, the potassium docs not fuse into a globule, but 
still produces a stronger evolution of gas than lu pure oil. Iho oxidation 
of the potassium may likewise proceed from water instead ot alcohol in 
the oil. (Plcischl, £;eilschr. Phys. v. IF. 2, 308; Lipowit^) Doubtless 
also the difference of rapidity with which the potassium is oxidized, 
varies with the nature of the oil, the oxidation being more rapid wlioil 
the oil contains oxygen.—7. A pure volatile oil agitated with an equal 
volume of olive-oil, yields a clear mixture; whereas that which contains 
alcohol forms a turliid mixture, the alcohol being separated. (Iligliiiii, 
J. chim. med, 20, 351.) 

III. Adullcralions of expensive Oils tvith Oil'of TuvpeMine.—-\. The 
presence of this adulteration may he detected by the siiicll, csjiecially on 
rubbing the oil between the hands, or after setting it 011 lire and then 
blowing it out.—2. Since oil of turpciitino is loss soluble in hydrated 
alcohol tliau many other oils, the suspected oil may bo agitated with its 
own bulk of 80 per cent, alcohol; if oil of turpontino, anise, or fennel, bo 
present, the solution is incomplete.—3. Oil of turpentine mixes much loss 
easily with fixed oils, than the oils of marjoram, lavoiulor, valoriau, sago, 
peppermint, or wormwood. If, therefore, 3 grammes of tho suspected oil 
be agitated with 3 grammes of poppy-oil, and tho mixture remains 
turbid, wo may conclude that tho oil is not mixed with turpontino; for 
oven a small quantity of tho latter would render the mixture clear. This 
method is not applicable to tho oils of thyme and rosemary. (Moro, 
J, chim. mid. 21 , 93.) — 4. Many volatile oils dissolve tho colouring 
matter of sandal-wood, but oil of turpontino does not; tho prosonco of tho 
latter will, therefore, diminish the solvent power of tho othor oil. (Vogot, 
Ann. Pharm. 6, 42.) — 5. Oil of turpentine becomes strongly heated, and 
detonates by contact with iodine; many othor oils do not; but if tho 
latter are mixed with only a small quantity of oil of turpontino, they 
likewise detonate by contact with iodine. (Tuohon.) 

Those volatile oils which are free from oxygen aro spooifioally tho 
lightest; their density ranges from 0'G27 (tho most volatilo oil of oil¬ 
gas) to 0’921 (heveene); tlio specific gravity of nou-oxygonatod cam¬ 
phors varies from 0'870 (paraffin) to 1'048 (naphtlialin). Oxygenated 
volatile oils and camphors vary in density from 0'800 to I'lOO.—Tho 
solidifying point of volatile oils in general is in some cases below 0 °,— 
sometimes being very low and therefore unknown,—such oils being the 
volatile oils properly so called ;—in other cases, that is to say, m tho 
camphors or stearoptenes, it is above 0 “, and among these, phoneno molts 
at-f 6 “, chrysene not till heated to 240°. In tho solid state, volatilo oils 
(taking the term in its more general sense) aro crystalline; in the liquid 
state, they have a thin oily consistence. They aro colourless; any yel¬ 
lowish or brownish tint that they may exhibit being duo to admixturo of 
rosin. The oils of certain Oomposilce aro, however, coloured blue or green, 
probably from admixture of a volatilo blue colouring matter.—Volatilo 
oils have great refracting power.—The boiling points of non-oxygenatod 
volatile oils are given in the table on pages 154, 155, whence it appears 
that they vary between — 10 ° (tho most volatile oil of oil-gas) and 200 ° 
(oil of copaiba), and in camphors, between 80° (phoneno) and 380° (paraf- 
fin). The boiling points of oxjrgenated oils aro comparatively higher, as 
may be seep by some examples iu the table just cited. Most volatile oils, 
properly so called, boil between 150° and 200°; oil of copaiba at 200°, 
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and several camphors het-woon 300“ and 400°. At these temperatures, 
provided the air ho excluded (which might otherwise convert part of the 
oil into rosin), the non*oxygcnated oils distil over unchanged; those 
which contain oxygon, having higher boiling points, are liable to partial 
decomposition when distilled at those temperatures. 

The volatile compounds belonging to this class are distinguished by a 
powerful odour, sometimes pleasant, sometimes repulsive, and form the 
odorif'orons principles of many parts of plants .and some parts of animals.—. 
Some volatile oils are tasteless; others have a liory aromatic flavour; 
others, again, an acrid taste, and those latter have likewise an acrid action 
on the animal body. 

According to Liebig (Ohm. org. 2 , 308), volatile oils appear to omit a 
stronger odour in proi)ortion as they oxidize more quickly in the aii'. 
When volatile oils free from oxygen, snch as the oils of turpentine, older, 
and lemon, arc distilled over freshly burnt lime in an apparatus oxhaustod 
of air or filled with carbouio acid gas, they can scarcely bo distinguished 
by their odour; but by oxfiosing them for a while to the air, .and more 
especially by saturating paper with them, the charactoristic odours are 
restored. 

Volatile oils appear to ho incapable of emitting any odour, except in 
presence of moisture. Paper moistened with a volatile oil, and thou por- 
luetly dried, no longer omits any odour; hut the odour bcoomes apparent 
on exposing the jiapcr to tho air, or more (piickly by moistening it with 
a few drops of water. Flores Itosanvni, &mbuci, or Yerlasci^ likewise 
completely lose their odour when thoroughly dried, but recover it on 
exposure to damp air. (J. A. Buchner, .Kq)erL 15, 57.)— When violets are 
dried under a boll jar coutaining chloride of calcium, they retain their 
blue colour, but completely lose their smell, which, however, is entirely 
restored by moistening them with water. (Ilunofeld, J, pr. Chem. f, 
235.) 

The cold infusion of roses, orango-blossom, lime-blossom, or eldor- 
blossoni, acquires a much stronger odour on addition of stdphurio acid; 
this acid likewise Imparts charactoristio odours to tho inodorous decoction 
of gall-nuts, horse-chestnuts, barley, and yellow and rod sandal-wood. 
A much more strongly smolling water is also obtained by distilling roses 
(as was long ago rocoiumoudod by Albortus Magnus), oldor-blossom, lime- 
blossom, or pinks, with a mixture of water and suljdmrio acid, than by 
distilling them with water alono. Volatile oils may ho complotoly 
deprived of their odour and fiery taste, by proper treatment with caustic 
alkalis and by other means. Tlioy may, therefore, bo regarded as com¬ 
pounds of inodorous oils with acids, to which tho odour and burning 
taste of tho entire oil are proiiorly duo. Many volatile oils yield two. 
acids, one liquid and tho other crystalline. (Couorbo, J. Fharm, 15, 698; 
19, 542; tho latter also in Fogg. 31, 525.) — Couerbo has not hitherto 
fulfilled his promise of oonfirming this view by more exact observations, 
and thereby removing tho doubts which attach to it. 

Tho more important Decompoeftfons or Eeactions of Volatile Oils are 
as follows: 

1. Thoso oils which have a high boiling point aro partly decomposed 
by di.stillation,per se, and leave a residue of charcoal; but when distilled 
with water or gently heated in tho air, they may bo volatilized without 
docomposition. But oven tho more volatile oils, when mixed with earthy 
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substances, such as clay, chalk, sand, &c., winch m_echa.nically prevent 
their volatilization, are partially decomposed by distillation, combustible 
gases being evolved, and charcoal left l)ohinJj if they contain oxygen, 
they may likewise yield carbonic oxide, acetic acid, &c. When the 
vapour of a volatile oil is passed through a red-hot tube, it is resolved 
into combustible gases and charcoal, which is sometimes /incly divided, 
sometimes shining, dense, and diflicnlt to burn; the portion of the oil 
which has passed over undecomposed, is often found to bo altered in its 
properties, as, for example, in its boiling point.—2. Volatile oils are very 
inflammable, and burn with a clear flame which deposits a largo quantity 
of soot. If the vapour of a volatile oil be made to issue from a fine jot, 
under a pressure of 1—C centimetres of mercury, it does not take fire till 
it has reached a distance of some contiinctres from the jet; that is to say, 
till it has become mixed with 4 or 5 times its volume of air; it then 
burns with a bright flame, which no longer smokes, and may be used for 
illumination. (Busaon-Dumaurier & Ronn, Com'pt. rend. 10, 1104.)— 
Volatile oils may bo used like alcohol to feed the lamp without flame. 
(Karmarsch, Oilh. 75, 83.) Tho oils of amber, anise, juniper, savino, 
rosemary, peppermint, wild maijorain, nutmeg, cinnamon, and cloves, 
emit acid vapours when burnt in this manner. (Miller, Ann, 28, 
21.) A piece of red-hot spongy platinum, laid upon common camjihor, 
continues to glow, and sinks deeply into tho camphor. (Gm.). — 3. Vola¬ 
tile oils proper, when placed in vessels not porfoetly closed, and at tho 
medium temporaturo of tho air, absorb oxygon-gas; acquire tho power 
of reddening litmus strongly, from formation of bonzoio, cinnamic, acetic, 
and other organic acids; and arc then 2 >arti!illy converted into rosins, 
becoming viscid and less odoriferous, and passing from tho colourless 
state to yellow or red-brown, or from blue to brown. Oils thus altered 
are resolved by distillation into pure oil and a residue of resin. Tho 
absorption of oxygen takes place with diflbront degrees of rapidity in 
different oils. For tho first few days it goes on slovdy, then increases in 
rapidity up) to a certain limit, beyond which it again diminishes, and after 
several months becomes imperceptible. During this change, and espe¬ 
cially towards the end, tho oil exhales a small quantity of carbonio acid, 
and a still smaller quantity of hydrogen. At tho same time, a small 
quantity of very acid water is produced, which is loosely attached to tho 
resinized oil, hut may bo acpiaratcd from it oitlior hy tlio application of 
heat or by exposure to tho sun. llock-oil absorbs searocly any oxygon, 
and therefore forms neither acids nor rosin. (Th. Saussuro.)—The forma¬ 
tion of acid and water was observed by Pourcroy.—The oils of Valeria 7 m 
off., Artemisia Absinthium, Garum Carvi, Junipevus convnnmis, Gitrus 
Aurantium and medica, Melissa off., Di’acoce}-)]mlwn Moldavica, Mentha 
pyijierita a.nd crispa, Origanum vulgare and Majorana, Salvia off. and 
Laums Ginnamomum, Oassia, and Sassafras, are neutral when fi'osh, but 
after exposure to tho air in thin layers, for intervals varying from a low 
days to several months, acquire an acid reaction, in consoquonco of 
the formation of a crystalline acid, tho oil still remaining fliud. They 
then thicken in coiiseqnenco of tho forn)ation of rosin and acetic acid, 
which latter is given oil' with a pungent odour, and if tho oil bo enclosed 
in a confined portion of air over hydrate of potash, converts that alkali 
into an acetate, carbonate of potash being at tho same time produced from 
carbonic acid given oflf by the oil. Tho oils of camomile, aniso, fonnol, 
roses, and turpentine, on the other hand, acquire no acid reaction at first, 
not indeed till they begin tp assume the resinous condition, and acotiq 
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acid begins to form. (Bizlo.) — The crystalline acid often formed in 
abundance from volatile oils at the commencoment of the oxidation, 
varies according to tlio nature of the oil; in some cases, it has been found 
to bo benzoic acid; in others, cinnamic.—When oxygen gas is passed 
through a volatile oil, a formation of acid likewise takes place at first, 
most quickly when the oil is suspended in water; the aqueous solutions 
of tlio oils likewise turn sour on exposure to the air.—According to 
Uuverdorbon {Fogg. 8, 483), volatile oils, when they thicken in the air, 
aro convortod: (I) into a difficultly volatile oil having but littlo odour; 
(2) into a resin soluble in potash; (3) into a resin iusolublo in potash; 
(4) into an oily acid, insoluble in water, lighter than water, and having 
a swcot, jmngcnt taste. Tho same products aro obtained, but in larger 
quantity, by passing volatile oils through a red-hot tube. Tho thickening 
takes qdaco with various dogroes of rapidity, according to tho nature of 
tho oil. — 4. A similar docomposition to that which takes place in tho 
air, is likewise produced, by placing tlio oil in contact with nitrous gas, 
which it rapidly absorbs (Priestley); also by boiling tho oil with oxide 
of copper or poroxido of lead, water being thou forinod (A. Vogel); or 
by digesting it with morcurio nitrate or oorrosivu subliniato, those bodies 
boing thoroby converted into niorcurous nitrate and calomel rospoetivoly. 
(Marguoron.) Volatile oils aro likowiso rcsinizod by bichlorido of tin 
and pontaohlorido of aiitiinony, tho latter often yielding reduced ifiotal. 
Oils which easily rcsinizo in tho air aro likowiso immediately thiokouod 
by agitation witli a warm concoutratod solution of torsulphato of ferric 
o.xido. (Borzolins,)'—5, Volatile oils absorb chlorine gas, with evolution 
of hoat, and aro convortod into viscid substances. (Thbnard.) Hydro¬ 
chloric acid is fro(jaoutly formed in this reaction, a substitution of chfoiuno 
for hydrogou likowiso taking place. Bromine exhibits similar reactions. 
(Lauront.) — 0. Many volatile oils proper give up thoir hydrogen to 
iodino so rapidly, and with so groat a dovolopmont of heat, that an 
explosion takes place accomi)aniod witli ovolntion of violet and yellow 
vapours. This is tho case with the oils of turpontiuo, juniper, savine, 
lemon, rosemary, and lavoiKlor. Tho residue is a thiokoned oil or a 
hrown acid resin. Those oils lose by ago tho property of doflagrating 
with iodino.—Other oils dissolve iodino quickly with or without evolution 
of lioat, forming thorowith a brown, thickish oil, or a soft or hard resin, 
with soparation of a brown liquid, containing hydriodic acid. Sucli is 
tho case with Oleum Ginnamomi, Sassafras, Car!/n])hgUorum, JhUw, 
H'anaccU, Oarvl, Fwnicidi, Mentliae jiiperitai and crispcc, and tho Oleum 
animala JJi.ppelii. (Tnolioii, Walokor, Plasholf, Zollor, Winckloi")— 
11 When oil of anise or fouiiol is dropped into a cold saturated solution 
of iodino in aimcons iodide of potassium, a golatiuous magma is forrnod, 
which, on addition of six or eight times its volume of alcohol, deposits a 
pulverulont substauco, hocoming dazzling wliito after washing with 
alcohol. This body is froo from iodino, and appears to be composed of 
C“H‘“Oh It may bo supposed to be forinod by the addition of 1 At. 0 
to 3 At, of aniso or fonnol-camphor: 

aC'WO + O 

Tlio oils of cumin, wormwood, camomilo, tansoy, rno, clovos, a.nd 
poppormint, do not yield any similar product when thus treated. (Will, 
Ann. Pharm. C5, 230.) t—7. Fuming nitric acid decomposes volatile oils 
proper, mostly with great rapidity, the action boing attciidod with evolution 
•of gas, and with dovolopmont of heat often amounting to tho most vivid 
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substances, such as clay, chalk, sand, &c., which mechanically prevent 
their volatilization, are partially decomposed hy distillation, combustible 
gases being evolved, and charcoal left behind; if they contain oxygen, 
they may likewise yield carbonic oxide, acetic acid, &c. When the 
vapour of a volatile oil is passed through a red-hot tube, it is resolved 
into combustible gases and charcoal, which is sometimes /indy divided, 
sometimes shining, dense, and di/ficnlt to burn; the portion of the oil 
which has passed over undecompoacd, is often found to he altered in its 
properties, as, for example, in its boiling point.—2. Volatile oils are very 
iiiflaminablo, and burn with a clear flame which deposits a largo quantity 
of soot. If the vapour of a volatile oil he made to issue from a lino jot, 
under a pressure of 1—G centimetres of mercury, it docs not take firo till 
it has reached a distance of some centimetres from tho jet; that is to say, 
till it has become mixed with 4 or 5 times its volume of air; it then 
burns with a bright flame, which no longer smokes, and may he used for 
illumination. (Busson-Dumaurier & Bonn, Coinpi. rend. 10, 11G4.)— 
Volatile oils may ho used like alcohol to feed tho lamp without flamo. 
(Karmarsch, Gill. 75, 83.) Tho oils of amber, anise, juni])cr, saviiio, 
rosemary, peppermint, wild marjoram, nutmeg, cinnamon, and cloves, 
emit acid vapours when burnt in this manner. (Miller, Ann. I’kil. 28, 
21 .) A piece of red-hot spongy platinum, laid upon common camphor, 
continues to glow, and sinks deeply into tho camphor. (Gm.). — 0. Vola¬ 
tile oils proper, when placed in vessels not porfoctly closed, and at tho 
medium teinperaturo of tho air, absorb oxygon-gas; acquire tho power 
of reddening litmus strongly, from formation of benzoic, cinnamic, acetic, 
and other oiganic acids; and are then partially converted into rosins, 
becoming viscid and less odoriferous, and passing from tho colourless 
state to yellow or red-brown, or from blue to brown. Oils thus altered 
are resolved by distillation into pure oil and a residue of resin. Tho 
absoi'iition of oxygon takes ])laco with diflerent degrees of vapidity in 
different oils. For tho first few days it goes on slowly, then inoroasos in 
rapidity up to a certain limit, boyoml which it again diminishes, and after 
several months becomes imperceptible. During this change, and os])o- 
cially towards the end, tho oil oxhalc.s a small quantity of carbonic acid, 
and a still smaller quantity of hydrogen. At tho same time, a small 
quantity of very acid water is producod, which is loosely attaohod to tho 
resinized oil, but maybe separated from itoithor hy tho application of 
heat or by exposure to tho sun. llock-oil absorbs scarcely any oxygon, 
and therefore forms neither acids nor rosin. (Th. Saussuro.)—The forma¬ 
tion of acid and water was observed by Fouroroy.—Tho oils of Valeriana 
off., Artemisia Absinthium, Oarum Carvi, Juniperus communis, Citrus 
Aurantium and medica, Melissa off., Dracocepihakm Moldavica, Mentha 
piperita and crispa, Origanum vulgare and Majorana, Salvia off. and 
Laurus Cinnamomum, Cassia, and Sassafras, are neutral when fresh, hut 
after exposure to the air iu tliin layers, for intervals varying from a few 
days to several months, acquire an acid reaction, in consequence of 
the formation of a crystalline acid, tho oil still remaining fluid. They 
then thicken in consequence of the formation of rosin and acotio acid, 
-which latter is given off with a pungent odour, and if tho oil ho enclosed 
in a confined portion of air oyer hydrate of potash, converts that alkali 
into an acetate, carbonate of potash being at tho same time produced from 
carbonic acid given off by the oil. Tho oils of camomile, aniso, fennel, 

■ roses, and tu^entine, on the other hand, acquire no acid reaction at first, 
not indeed till they begin to assume the resinous condition, and acetic 
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acid begins to form. (Bi>;io.) — Tho cryatalliiio nciil often foriiinil in 
abundance from volatile oils at tho oonnnouconunit of llin oxiduliun, 
varies according to tho nature of tho oil; in some oitHes, it lion bi'cn fnutid 
to bo benzoic acid; in others, cinniunio,—Wlmu oxygon ga-H in |iiiftst'd 
through a volatile oil, a formation of acid likovviao takes [ilaen al lir*t, 
most nuiekly -svlien tho oil is snspondod in water; the aiiueou i wduliuiiM 
of the oils likowiao turn sour on oxposaro to the air. Aceonling to 
Unvordorben (i^oyy. 8, 483), volatilo oiln, when they Ihieken in tlie air, 
arc converted; (1) into a dillicultly volatile oil having but little oilutir; 

S in to a rosin soluble in iiotash; (3) into a resin insoliibln in ptitash; 

into an oily aeid, imsolnblo in water, lighter than wali'i', and having 
a sweet, pungent tasto. Thu same products are (d)laineil, but in htrger 
quantity, by passing volatilo oiks through a rod-hot tube. The thickening 
takes place with various degrees of ra|ii(lity, according to the nattirn of 
tho oil. — 4. A similar decomposition to that whieli lakes plaee in tho 
air, is likewise produced, by placing tho oil in cnnlaet with iiilnnw giw, 
which it rapidly absorli.s (I'rio.stlny'); also by boiling the oil witli oxiiln 
of copper or peroxide of lead, water being then formcil (A. Vogel); or 
by digo.sting it with mercuric nitni.to or ciirro.-dvc snbliniiiti'. ibese bodies 
being thereby converted inUi moreiirous nitrulo and eabouel rmipeetivolv. 
(Marguoron.) Vedntile cubs are likewise reslnized by biehlorido of tin 
and jientnchloride of antimony, tho latter ofti'ii yii-bling rediieed itioliil. 
Oils which easily resinizo in tho air am likewise immeiliately ihieknn'il 
by agitation with a. warm eoneentraled Holulioii of l('r«ulphali' of ferrin 
oxide, (llorzelius.) — .1. Vidatih' oils abstirb chlorine gns, vi iili I'Volnfioit 
of heat, and are converted into viseiil sub.Hianccs, (Tbeinird ) llyilro- 
chloric acid is fwxpumtly formed in this r<'aetiou,a sulistilntiou of ohlorinn 
for hydrogen likewise taking plaoo, Jlroniiim exhibits similar reaetions, 
([Laurent.) — 0. Many volatile oils proper give up their hydrogen to 
iodine so rapidly, and with so great a dttvelo|inienl of Imiit, llml an 
explosion takes place accompanied with evidniion of vitdei and yidlow 
vapours. This is the civso with tho oils of Lnrpmitine, juniper, nitvino, 
lomon, rosemary, and lavomler. The reHiilue is a thickened idl or a 
brown acid rosin. Those nils toso by age the jiroperty of dolliigmling 
with ioclino.—Other oils disaolvo iodine quickly with or without evolution 
of heat, forming tliorowith a brown, thickish oil, or n. soft or hard renin, 
with separation of a brown liquid, eontainiiig liydriodie uci<l. Nneli in 
tho ca.so with Okiim (linmtvwvii, iS'iimii/rnn, Unhe, 

'IhinacvUy Ccivvi, Ii’itmiciili, />ijieri/ir and I'ci's/ur, and tin' tiirmn 

animule J)ippHii. (Tnclien, Waleker, Flaslmir, ;<elh'r, Wiitckler ) - 
H When oil of anise or fennel is dropped into a eotd saturated nolutiim 
of iodine in aqueous ioilido of pfilussiiiin, a gidalinons magimi. is foriiietl, 
which, on addition of six or eight limcH its vidnme of alcidod, dejHwifcs h, 
pulvorulont substanco, hocoming dazzling wliitn nricr wnuliing with 
alcohol. This body is froo from iodine, uml nppcftrs In hn tmuiposwtil of 
C“H'"0‘. It may bo supposed to be formud by tho addition of I Al. t) 
to 3 At. of anise or foimol-onnuihor: 

3C'"lI"()hO esnilwob 

Tho oils of cmnin, wormwood, camomllo, tanaey, me, cloves, and 
poppormint, do not yield any similar prodiiot when tlnm treated. (U'tll, 
Arm, Pharm. 0’,'), 230.) 11—7. Fuming nitric, iieid ilccompe«e« velatile ods 
])ropor, mostly with great rapidity, thoaetion being altcmlcd with evolution 
of gas, and with dovoiopmoiit of Iicat ufti'ti ummniting to tiu' rmwt v ivid 
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substances, sucb as clay, chalk, sand, &c., which mechanically prevent 
their volatilization, are partially decomposed by distillation, combustible 
gases being evolved, and charcoal left behindj if they contain oxygen, 
they may likewise yield carbonic oxide, acetic acid, &c. When the 
vapour of a volatile oil is passed through a red-hot tube, it is resolved 
into combustible gases and charcoal, which is sometimes finely divided, 
sometimes shining, dense, and difficult to burnj the portion of tho oil 
which has passed over undecomposed, is often found to be altered in its 
properties, as, for example, in its boiling point.—2. Volatile oils are very 
inilaimnable, and burn with a clear flame which deposits a largo cpiantity 
of soot. If the vapour of a volatile oil be made to issue from a fine jet, 
under a pressure of 1—6 centimetres of mercury, it does not take fire till 
it Las reached a distance of some centimetres from the jotj that is to say, 
till it has become mixed with 4 or 5 times its volume of airj it then 
burns with a bright flame, which no longer smokes, and may bo used for 
illumination. (Busson-Dumauricr & Ronn, Oompt, rend, IG, 1164.)— 
Volatile oils may be used like alcohol to food the lamp without flame. 
(Karmarsch, Gilb. 75, 83.) The oils of amber, anise, juniiior, savino, 
rosemary, peppermint, wild maijornm, nutmeg, cinnamon, and cloves, 
emit acid vapours when burnt in this manner. (Miller, Aim. 28, 
21 .) A piece of red-hot spongy platinum, laid upon common camjihor, 
continues to glow, and sinks deeply into the camphor. (Gm.). — 3. Vola¬ 
tile oils proper, when placed in vessels not perfectly closed, and at tho 
medium temperature of the air, absorb oxygen-gas; aciiuiro the power 
of reddening litmus strongly, from formation of benzoio, cinnamic, acetic, 
and other organic acids; and are then partially converted into rosins, 
becoming viscid and less odoriferous, and passing from tho colourless 
state to yellow or rod-brown, or from blue to brown. Oils thus altered 
are resolved by distillation into pure oil and a residue of rosin. Tho 
absorjition of oxygon takes place with dilTorcnt degrees of rapidity in 
different oils. For the first few days it goes on slowly, then incronsos in 
rapidity up to a certain limit, boyond which it again diminishes, and after 
several months becomes imperceptible. During this change, and espe¬ 
cially towards the end, the oil exhales a small quantity of carbonio acid, 
and a still smaller quantity of hydrogen. At tho same time, a small 
quantity of very acid water is produced, which is loosely attached to tho 
resinized oil, but may be separated from it citbor by the application of 
heat or by exposure to the sun. Rock-oil absorbs scarcely any oxygon, 
and therefore forms neither acids nor resin. (Th. Saussuro.)—Ino format 
tion of acid and water was observed by Fourcroy.—Tho oils of Valeriana 
of., Artemisia Absinthium, Garum Uai-vi, Junipertes communis, Citrus 
Aurantium and medica, Melissa of., Draoocephalum Afoldavica, Mentha 
piperita and erispa. Origanum vulgare and Majorana, Salvia of. and 
Laurus Cinnamomum, Cassia, and Sassafras, are neutral when fresh, but 
after exposure to the air in thin layers, for intervals varying from a few 
days to several months, acquire an acid reaction, in oonsoquonco of 
the formation of a crystalline acid, the oil still remaining fluid. They 
then thicken in consequence of tho formation of rosin and acetic acid, 
-which latter is given off with a pungent odour, and if tho oil bo enclosed 
ill a confined portion of air over hydrate of potash, converts that alkali 
into an acetate, carbonate of potash being at the samo time produced from 
carbonio acid given off by the oil. Tho oils of camomile, anise, fennel, 
roses, and turpentine, on the other hand, acquire no acid reaction at first, 
not indeed till they begin tq assuipe the resinous condition, and acotie 
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>•1118 to form. (Bizio.) — Tlio orystalliiio aoM ofttiii funncil in 
CO from volatile oils nt the oominouocmiout of tliu oxiilnlinn, 
icoi'cHng to tho iiaturo of tlio oilj in Htnuo oiwoh, it liwt lii'i’U fiMiinl 
mzoio acid; in others, cimiamio.—Wlioii oxyfftiit in [mn.it'i! 
a volatile oil, a formation of aoid lilcowiHO tuko*i iitiu’o at 
cldy wlion tho oil is Biispomloil in water; the a((iU'iiiiM .'■ulutiniiN 
lila likowiso turn sour on oximsiiro to tho air. Aoconliii;' to 
rben {I'ogg. 8, 48;3), volatile oilrt, when limy tliicken in the nir, 
rerted; (1) into a diilioiiltly volatile oil havin;; but little oilnur; 
a resin soluble in potuHli; (.')) into a re»in iiiHolnlile in |iotu»li: 
an oily acid, insoliililo in water, Ii;>ht<>r than walm', uinl having 
pungent taste. Tho aamu prmhiete are ohtaineil, hut in larger 
, by passing volatile oils through a rod-hot tube. The thiekening 
ace with varLona degrees of rapidity, aeeording to the nature ef 
— 4. A similar doeompesithm to that which taken [dace in tho 
tewiso produced, by [ifac.iiig the oil in cimluct with nilnitin goa, 

. rapidly absorb.s (Priestley); also by Imiling ihe nil wilb inide 
ir or poroxidc of lead, walcr being (lam fonm'd (A. Vnged); nr 
ting it with inoruurie nitrate or eerresive Hiibliniiili', ibcie b<<i|ii-)i 
ereby convortod into mernuroUH nilrnle aiul cabmu'l ri'»]ii'ctivi'lv. 
roil.) Vohitiio oils aro likinviso r>■si|]izl•d by liichloride of tin 
acblorido of luitinioiiy, tho latli-r (d'ten yitdtling risluccil itietul, 
sli easily vosinizo in tmi air are likcwisi- iiiiaa'diiilcly tbicki'iieii 
-ion witli a warm coinamti'ali'd sotiilioii of lc|•.•.lllll)mlI' of forriii 
IBorzolina.) — Vidiitib? oils alisorb ebbirine gu-i, u itb cyrdniioa 
and aro converted into viscid Hubslamvs. (Tle-inird ) Ifydrii- 
cid ia fro<]Uontly formed in tliis reaclimt.ii suliKiiioliim of elilorine 
igou likowiso ta,kiiig plaoo. Hi'omiimt'xliibils similar reaclions. 

.) — 6. Many volatile oils pro[ier give np tbeir liydrogi'ii to 
1 rapidly, and with so groat a ilovele|ma'nl of Imiil, that an 
1 takes place accom|auned with evolulhni of violet and yellow 
This is tbo case with the oils of turpentine, jinii|ier, suv ine, 
osoinary, aiid lavomler, 'i'ho residun in a ihichcued tdl or a 
cid rosin. Thoso_ oils lose hy age tho ]iro[ierly of delingrating 
ine.—-Other oils ilisHolro iodine <(uiokly with or without evidatimi 
forming thorowith Mi hrowti, thlckisli oil, or a soft or Inird reiia, 
aration of a brown bhpiiil, cnnlainiiig bydrimlic ncid. Sneli is 
with ^ OlfiKVl ('tUHfll/lrwil, '(Stt'tfph 

, Carvi, FtanioaU, d/s/g/aii /lijirrhir and cW«/«»-, itml llu' tl/rum 
■Dippdit. (Tiw.Um, IVnleker, Flasln.ir, ^'oller, Wiackler ) - 
oil of aniHo or lemicd is (Iriippcd into a cidd satiiralml solnitmi 
I in aqueous ioilido of potnssiiiiii, a gelaliuims inagam. its formed, 
a addition of six or eight times its vidiuuo of aleidod, dofamil* n. 

‘luzzling wliiln after witnliiiig with 
Ihis body IS free from iodine, uinl appears to be et<iaptH«*«l of 
. Jt may bo simpo«od to be furmoil by tho nddiliim of 1 At. 1) 
ot aniso or fonnol-oamphor: 

3C'“U“0.i-0 . C»>U'*'(M. 

oils of cumin, wormwood, oamcimilo, taimny, rue, cloves, and 
lilt, no not yield any Hiniilar [irodiiol when llimi treated (U'dl. 
trtn. 65, 230.) If—7. h’lmdiig nitric ncid dccnmposc^i v olatile oils 
los y with great riqiidity, the action being utUmtleil wilb l•vob(li»^a 
na witii development of beat often umoutiling to tim nmal vhhl 
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substances, sucb as clay, chalk, sand, &c., which mechanically prevent 
their volatilization, are partially decomposed by distillation, combustible 
gases being evolved, and charcoal left behind, if they contain oxygen, 
they may likewise yield carbonic oxide, acetic acid, &c. When the 
vapour of a volatile oil is passed through a red-hot tube, it is resolved 
into combustible gases and charcoal, which is sometimes finely divided, 
sometimes shining, dense, and difficult to burn, the portion of the oil 
which has passed over undecomposed, is often found to bo altered in its 
properties, as, for example, in its boiling point.—2. Volatile oils are very 
inflaininablo, and burn with a clear flame which deposits a largo cpiantity 
of soot. If the vapour of a volatile oil be made to issue from a fine jet, 
under a pressure of 1— G centimetres of mercury, it does not take fire till 
it has reached a distance of some centimetres from the jetj that is to say, 
till it has become mixed with 4 or 5 times its volume of airj it then 
burns with a bright flame, which no longer smokes, and may be used for 
illumination. (Busson-Dumauricr & Ronn, Oompt. rend, IG, 1104.)— 
Volatile oils may be used like alcohol to feed the lamp without flame. 
(Karmarsch, Gilb. 75, 83.) The oils of amber, anise, juniper, savino, 
rosemary, peppermint, wild maijoram, uutmeg, cinnamon, and cloves, 
emit acid vapours when burnt in this manner. (Miller, Ann. Phil, 28, 
21 .) A piece of red-hot spongy platinum, laid upon common camjihor, 
continues to glow, and sinks deeply into the camphor. (Gm.). — 3. Vola¬ 
tile oils proper, when placed in vessels not perfectly closed, and at the 
medium temperature of the air, absorb oxygen-gas; acquire the power 
of reddening litmus strongly, from formation of benzoic, cinnamic, acetic, 
and other organic acids; and are then partially converted into resins, 
becoming viscid and loss odoriferous, and passing from the colourless 
state to yellow or red-brown, or from blue to brown. Oils thus altered 
are resolved by distillatiou into pure oil and a residue of resin, Tlio 
absorjition of oxygon takes place with diflerent degrees of rapidity in 
different oils. For the first few days it goes on slowly, then incroasos in 
rapidity up to a certain limit, beyond which it again diminishes, and after 
several months becomes imperceptible. During this change, and espe¬ 
cially towards the end, the oil exhales a small quantity of carbonic acid, 
and a still smaller quantity of hydrogen. At the same time, a small 
quantity of very acid water is produced, which is loosely attached to the 
resinized oil, but may be separated from it cither by the application of 
heat or by exposure to the sun. Rock-oil absorbs scarcely a^ oxygon, 
and therefore forms neither acids nor rc.sin. (Th, Saussuro.)—The forma¬ 
tion of acid and water was observed by Fouroroy.—The oils of Valeriana 
off., Artemisia Absinthium, Oanim Uai-vi, Juniperus communis, Citrus 
Aurantium and medica, Melissa off., Dracocepihalum Moldavica, Mentha 
pij^erita and crispa, Origanum vulgare and Majorana, Salvia off. and 
Laurus Cinnamomum, Cassia, and Sassafras, are neutral when fresh, but 
after exposure to the air in thin layers, for intervals varying from a few 
days to several months, acquire an acid reaction, in oonsoquonco of 
the formation of a crystalline acid, the oil still remaining fluid. They 
then thicken in consequence of the formation of rosin and acetic acia, 
which latter is given off with a pungent odour, and if the oil bo enclosed 
in a confined portion of air over hydrate of potash, converts that alkali 
into an acetate, carbonate of potash being at the same time produced from 
carbonic I acid given off by the oil. The oils of camomile, aniso, found, 
roses, and tui^entino, on the other hand, acquire no acid reaction at first, 
•not indeed tilLthey begin tq assuipe the resinous condition, and aootio 
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acid begins to form. (Bizio.) — The crystalllno acid often formed in 
abundance from volatile oils at the coinmcncomcnt of the oxidation, 
varies according to the nature of the oilj in some oases, it has been found 
to bo benzoic acidj in others, cinnamic.—When oxygen gas is passed 
tlirough a volatile oil, a formation of acid likewise takes place at first, 
most guickly when the oil is suspended in water; the aqueous solutions 
of the oils likowlso turn sour on exposure to the air.—According to 
Uuvordorbou {Pogg. 8, 483), volatile oils, when they thicken in the air, 
are converted: (1) into a difficultly volatile oil having but little odour; 
(2) into a resin soluble in potash; (3) into a rosin insoluble in potash; 
(4) into an oily acid, insoluble in water, lighter than water, and having 
a sweet, pungent taste. The same products are obtained, but in larger 
quantity, by passing volatile oils through a rod-hot tube. Tho thickoning 
takes place with various degrees of rapidity, according to tho nature of 
tho oil. — 4. A similar decomposition to that which takes place in the 
air, is likewise produced, by placing tho oil in contact with nitrous gas, 
which it rapidly absorbs (Priestley); also by boiling tho oil with oxide 
of copper or poroxido of load, water being thou formed (A. Vogel); or 
by digesting it with inorcurio nitrate or oorrosivo suhliinato, those bodies 
being thereby converted into morourous nitrate and calomel respectively. 
(Marguoron.) Volatile oils aro likewise rcsinizod by bichloride of tin 
and pontaohlorido of antimony, tho latter often yielding reduced ihotal. 
Oils which easily rosiuizo in tho air aro likewise immodiatoly thickened 
by agitation with a warm concentrated solution of torsulphato of forrio 
oxido. (Borzolius.)'—d. Volatile oils alrsorb chlorine gas, with evolution 
of heat, ami aro oonvortod into viscid substances. (Th6nard.) Hydro¬ 
chloric acid is froquoutly formed in this reaction, a substitution of chlorine 
for hydrogen likewise taking plaoo. Bromine exhibits similar reactions. 
(Laurent.) — 0. Many volatile oils proper give up their hydrogen to 
iodiuo so rapidly, and with so groat a dovolopmont of heat, that an 
explosion takes place aocoiupaniod with evolution of violet and yellow 
vapours. This is tho case with tho oils of turpentine, juniper, savino, 
lemon, rosemary, and lavender. Tho residue is a thickened oil or a 
brown acid rosin. Those oils lose by ago tho property of deflagrating 
with iodino.—Other oils dissolve iodine quickly with or without ovolntion 
of heat, forming thorowitb a brown, tliiokish oil, or a soft or liard rosin, 
with separation of a brown liquid, containing liydriodic acid. Siicli is 
tlio caso with Okum Cinnamomi, Sassa/i'cis, Cargnphyllo7‘um, Ruice, 
I'anactii, Gurvi, Fwnicidi, MeiUhco piperilai and crispw, and tho Oleum 
animale Rippdii. (Tuclion, Walcker, FlasliolT, Zollor, W’incklor'J— 
H When oil of aniso or foimol is dropped into a cold saturated solution 
of iodino in aqueous iodide of jwtiissium, a golatlnous magma is formed, 
which, on addition of six or eight times its volume of alcohol, deposits a 
pulvorulont substiuico, bocomiiig dazzling white after washing with 
alcohol. This body is froo from iodino, and appears to bo composed of 
C“H'°Ob It may ho supposed to he formed by tho addition of 1 At. 0 
to 3 At. of aniso or foimol-camphor: 

SC'WO + O^OTI'SO'. 

The oils of cumin, wormwood, camomilo, tansoy, ruo, clovos, and 
popporiniiit, do not yield any similar product when thus treated. (Will, 
Ann. Fharm. C5, 230.) IT—7. Fuming nitric acid decomposes volatile oils 
■proper, mostly with great rapidity, tho action being attenclod with evolution 
of gas, and witli dovolopmont of boat often amounting to tho most vivid 
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inflammation; those volatile oils which arc not set on fire hy filming nitric 
acid, generally burst into flame when treated with nitrio acid to wliioh 
half its bulk of sulphuric acid has boon added, After the combustion, a 
residue of charcoal is left. If, however, the oil docs not tako fire, there 
remains a soft, bitter resin, which retains hyponitric acid, even after long 
washing with water, and a yellow or brown acid liquid from which water still 
.separates a resinous substance. Camphors are not so rapidly decomposed; 
several of tlicm and of other volatile oils arc converted by heating with 
dilute nitric acid, partly into peculiar acids (benzoic and anisic acids), 
partly into oxalic acid. Many oils tin-n yellow when mixed with —A 
■concentrated nitric acid; others first turn pialc rod, then bright rod, and 
after 24 hours, brown; others, again, acquire a beautiful violet colour. 
(Bonastre, J. Pliarm. 15, 00.3.)—Oil of vitriol mixes with most volatile 
oils proper, causing rise of temperature and evolution of .sulphurous acid, 
together with a volatile oil (probably cupiono) which smells of straw¬ 
berries; the product is a thick brown liquid, from which water, in many 
cases, separates an isomeric compound (e. </., anisoin from aiiiso-oil); in 
■ other oases, a brown aoid substance, which behaves, sometimes like arti¬ 
ficial tannin, sometimes like an acid rosin, dissolves in alcohol and alkalis, 
and, to a certain extent, also in water; heating the suljiluiric acid solution 
causes the mass to carbonize. Gampliors, wliicb usually dissolve without 
decomposition in cold oil of vitriol, likewise become ebarrod wlioii boated 
with it,—Certain non-oxygenatod volatile oils, sucli as cupiono and 
paraffin, do not mix with cold oil of vitriol, or undergo any alteration 
by contact with it. Respecting the peculiar colouring of difl’ercut oils 
hy cold oil of vitriol, vid. Gaultier do Claubry. (/. Phya. 81, GO.)-—• 
9, Oils cousiatiug wliolly of carbon and hydrogen are not acted upon in 
any way hy potassium or potash. 

Conibinaiions. —A. Volatile oils proper and m.sny camphors are 
slightly soluble in water to the extent of about 1 pt. in 1000; Uioso 
which contain oxygon dissolve more freely than those which do not. 
The solution is sometimes obtained by agitating tlio volatile oil with 
water, but more frequently by distilling tho water with substances which 
contain the volatile oil. The products arc called Dialilled Waters (Aqtico 
.distillatce). They arc transparent and colourless, unless tlio oil is in 
excess, in which case it remains for a long time suspended in tho liquid 
,and renders it turbid; they possess the taste and smell of the volatile oils 
which they contain. Agitation with a fixed oil (Davies, J. Pharm. 0, IG), 
or with ether, withdraws tho volatile oil from tho water, and on evapo¬ 
rating the ethereal solution, tho greater part of the oil is loft boliind. 
(Soubeiran, J, Pharm. 17, 620;. 19, 50.) Agitating tho water with 
common salt, separates a considerable portion of tho oil; such is tho 
cass with Aqua FmiiiQuli, Metithm ‘piperilca, and Cinnamomi, and with 
water containing primrose-camphor. (Hiinofold, J. pr. Ghem, 9 , 24.) 

To determine the quantity of volatile oil contained in a distilled 
water, half an ounce of tlio liquid is to be mixed with a small quantity 
of gelatinous starch, and a solution of 1 grain of iodino in 500 grains 
of alcohol and 1500 grains of water added, with agitation, till tho 
OH ceases to give up hydrogen to tho iodine, and consequently the iodino 
to impart a hluo colour to tho starch. It must, however, bo 
observed, that difierent oils destroy tho blueing properties of difforout 
quantitlea of iodine, thus, the same quantity of iodine is required to im¬ 
part an ipoipieut bluenyss to 24 ounces of water mixed with starch pastq, 
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when the wator contains 0’5 grain of oil of roses, 2’0 gr. fennel-oilj 3-G 
gr. oil oi Menlha crispa, S'S gr. peppormint-oil, or 20 gr, oil of cinnamon. 
Honco oil of rosos gives up nearly 40 times as miicli liyclrogcn to tho 
iodine .as an equal c[uantity of oil of cinnamon. (Grunor, Jahrb. prakt. 
J^harm. 7, 304.) 

The oil contained in the water gradually cliangos into acid and rosin, 
wlion exposed to tho air, especially in a warm placoj it is also imme¬ 
diately precipitated as a resinous matter by chlorine. A distilled water 
may bo kept unaltered for a long time in a collar at a temperature of 10 ° 
or 12°j but at 25° or 30° it turns acid in a week, especially if exposed 
to the sun; by this change, however, tho water loses little or nothing of 
its peculiar odour. Tho water which acidifies most ([uiekly and strongly 
of all is Aqua Melissm, then come Aqua Itosartcvi, Hambuci and Ghamo- 
millce, while Aqua llyssopi and Menthce cri&pce and pipevitee remain un¬ 
altered. (Flashoff, A. Tr. 11, 1, 204; Jh'. Arch. 21 , 222.)—If the distilled 
water contains a small quantity of alcohol, a considerable quantity of 
acetic acid is quickly formed in it. (Wariugton, Phil. Mur/. J. 26, ,574.) 

Many distilled waters, when kept in well closed bottles, boconio 
slimy, lose their proper odour, and acquire an oflensivo smell, whorous, 
if kept in loosely covered vessels, they remain unaltered. This change 
.appears to arise from the action of mucou.s and albuminous jiarticlos 
carried over in tho distillation, which, when they putrefy, rob tho volatile 
oil of a portion of its oxygon, or give up to it a portion of their own 
hydrogen, tlioroby depriving it of its peculiar odour; licnco such waters 
recover their odour on exposure to tho air.—Tho same ra.sphorry-wator 
spoils in four weeks if kept in a bottle of colourless glass, but may bo 
kept unaltered for a year in a bottle of orange-coloured glass: a proof of 
tho influonoe of light. (Iliinlo, liepert, 67, 392.) — Tho white flakes 
deposited from distilled waters consist of plants. (Simonin.) Tho white 
or brown mucus thus separated does not dissolve either in alcohol or in 
boiling potash, and, when examined with a lens, appears like an agglome¬ 
ration of lino conforvoidal fibres resembling mother of vinegar. (Gruncr.) 
According to Buchner {Br. Arch. 7, 284), Aqua Rosariun, Menthm pipe- 
ritm, Ginnamomi, keep nest in close vessels; Aqtia Ghanwmillui, Frxnioidi, 
Na/Aico, Menlhce crispee, Ilyssnpi, Gerasorum, loss porfoctly; and 
Valeriance, Rutce, iSambuci, Ti/iai, Jlubi Idad, Fetroselini, irdissce, 
Salvicc, worst of all; but if such waters bo onco distilled as long as water 
containing oil passes over, a distillato is obtained which may bo ko])t 
without alteration in close vessels for four years or more.—A good mode 
of preservation is to leave tho distilled water for several days in contact 
with tho oil which has passed over, agitating frequently; then fdtor it 
into medicine-glasses containing from half a pound to a pound, bind tho 
glasses round with moist blaihlor, introduce thorn, aocordiug to Apport’a 
method (p. 100 ), into water heated to ebullition in a boiler, and bind 
round tho bladders, after cooling, with paper. Even raspborry-wator 
thus treated may bo kept unaltered for 8 years. (Wond, Jahrb. prakt. 
rharm, 1, 35.) 

Certain hydrocarbons, oil of turpentine for example, when kept over 
water, take up tho olomonts of water, and are convertod into camphors. 

D. Liquid volatile oils absorb small quantities of carbonic oxldo, 
carbonic acid, and nitrous oxide gas, and larger quantities of sulphurous 
aeid, hydrosulphurio acid, or fluoride of sllicium. 

With tho aid of heat, they dissolve a tolerably largo quantity of 
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phosphorus, forming a liquid which shines in the dark, and dojiosits tiio 
greater part of the pliosphonis on cooling. 

They also, vvlion heated, dissolve a small quantity of sulphur, which 
crystallizes out again on cooling; when boiled for some time with sulphur, 
they unite in the decomposed state, with considovahlo (ruantitics of tliiit 
substance, forming a brown, groosy, stinking mass, called Volatile Jiahaiu 
of Sulphur, which, if lioatod for a longer time, quickly evolves a largo 
quantity of sulpluirettod hydrogen gas. — Most camphors may also bo 
made to unite with sidiihur and phosphorus by fusion. 

Bisidphide of Carbon mixes in all proportions witli liquid oil.s, and 
dissolves camphors. 

C. Many volatile oils and camphors ahsorb largo qiiantitios of 7ii/ih’0~ 
chloric acid ffas, producing great rise of tomporatiiro, and forming Homo- 
timos oily, sometimes camphoroidal compounds, in which the cliIoi'iMO 
cannot bo detected by nitrate of silver.—VVith hydrohromic uoul r/ns they 
behave in a similar inaniior.—Many of thorn combine with chloride of 
phosphorus and chloride of sulphur, the combination being attended with 
evolution of heat. 

D. Only a few oils, which contain oxygon, and have a slightly acid 
character, viz., creosote, oil of cloves, and oil of pimonto, absorh ainiiio- 
niacal gas in abimdanco, dissolve in aijuoous alkalis, and form witlt timso 
and other bases, saline oompounds, in which the odour of the oil is 
destroyed. 

Volatile oils dissolve oxide of copjm' nt ordinary tornpcratiires, hut 
reduce it on application of heat (A. Vogel); thoy dissolve pnilo.ride of 
lead with facility (Schweitzer); mix with chloride mA jluoridr. of irrsniic,' 
and abstract corrosive sublimate from its aijuooiis solution, whiu'ohy they 
become thick and solid. They also separate chloride of gold from its 
aqueous solution; and on subsoquont oxpo.suro to liglit, the gold is sot 
free in the motallio state. 

E. Volatile oils mix readily with Hydrocyanic acid, iihHlrnct that 
acid from water, and form a luixturo which doon not rt'adily dcconipoHo, 
and is spocilically heavier than water. (Ittnor.) They aliHorh a few 
volumes of Cyanogen gas, and dis-solvo Iodide of Cyanogen witli facility, 

P. Many volatile oils and camphors aro capable of mixing with 
certain organic acids, such na acotio, sucoinie, benzoic, oampliorio, 
suboric acid, and the fatty acids. Strong acotio noid dissolveH many 
volatile oils and eamjihors. (Eourcroy & Vauquolin, Schev, J, 5, 2H2; Viui- 
quolin, AmL Chim. Ihys. If), 279.) Acotio acid, wliicli iuihlH velalilo 
oils in solution, reiliioos inorciirous nitrato or silvor-iiitralo at a boiling 
boat, but not so quickly a.*! formic acid. (Walckor.) 

G. Volatile oils dis,solve readily in alcohol, nml most of llmin mix 
with absolute alcolud iu all projiortioim. Aecerdiiig to SaiiHHiire, tlui 
solubility of dilToroiit oils inftr()a.Ho.s with tho quantity of oxygen which 
they contain; lionco also tlm mtiio oil is more readily soliihle, tlio longer 
it has boon exposed to the air. Such wilutimiH are olitjiiiuul by tlisUiling 
parts of plants which_ contain tho volatile oil with alcohol and a small 
quantity of water, wliioh prevents charring towards tho end of die diatil- 
lation. Many of tho preparations wliioh apothecaries call Spirits are 
solutions of this kind, as also are perfumed wakrs, such os A'ait de Cologne, 
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Lavender-walcr, &c. Most camphors also dissolve readily ia alcoholj 
tlioi'o aro hut fow wliicli dissolve with dilRctiUy. All those solutions 
bum with a bright flamOj which is smoky if the solution oontaius much 
oil. When mixed with water, they turn milky, from separation of the 
oil, part of wliicli, however, r-omaius dissolved in the aqueous mixture. 
If a volatile oil is mixed with only a small quantity of alcohol, it does 
not become turbid when mixed with water, and only gives up its alcohol 
when repeatedly agitated with fresh quantities of water. 

Wood-spirit and Acetone bohavo like alcoholj so likewise do Etlier 
and several other ethereal liquids, oxcoioting that from the latter tho 
oils cannot bo so]iaratod by water. 

Volatile oils mix with dissolve most llosins and Jtesinous Oolour- 
inp matters, and several organic bases; thoy also mix with ono another. 


b. Derivative or Secondary Wuelei. 

In secondary nuclei, tho Il-atoms of tho primary nucleus aro replaced 
wholly or partially by an 0 ([ual number of atoms of 0, S, I, Hr, Cl, N, 
Ad, X, Cy, or SO'b Several of tho.so oloniouts may enter at tho same 
time into tho same .secondary nucleus, so that it may contain throe other 
suliHtanccH in addition to tho carbon. Many secondary micloi aro not 
known in tho separate state, but aro merely hypothetical subslaucos, 
from which the composition of other compounds may bo most convo- 
iiiontly deduced. 

Tho following are examples of secondary nuclei which aro known to 
exist in the free state ; 


1 . Arranged according to the Primary Nuclei. 

k Methylene or ralono=C’I-P, gives CTICl; C»NII. 

Xv Kthono or Ethylono=CW, gives CTPClj CTPCPj CTICPj C‘C1*; 

CHPBr; Cr^BP; CBIPI. 

BnLyrono=C®H'', gives C^H’Cl. 

riionono or Phonylono=C'’H'', gives C”I-PCP j CTIW; C’TPN j 
(jrjjpx ; C'BI'XAd. 

Toluol^C'TP, gives Cni’Cl; CTPCl"; C''‘IPX“. 

Styrol = C'»H'', gives C"WX ; C'»IPC1. Indigo.blue = C"’IPNO“, 
probalily also belongs to this head. 

Nn.])lithaliu=C'*IP, gives tho socoiulary nucloi mentioned on page 20, 
bosidos several others. 

To Cymono or Cymol=C”fI'‘, appear to belong, C^IPCPO''; 

&o, 


2 . Arranged acoording to the nature of the substances which replace the 

hydrogen. 

Oxygen-nuclei: Parnsalicyl, C“IP0’ (from C'''IP); — Suborono, 
QiiqpiQa n'l'iiiii CTP);—common camphor, (from O'"!!'");— 

AniHO-camphor, C"-‘TI"0“ (from CTl»)j—0“IP0 from C«’I-P. — Many 
kinds of sugar jirobably belong to this class; e. g., G-rapn-sugar, C'TP'^O'^, 
common sugar, C'“rP'0“, and Milk-sugar, C’“1I‘"0"'; the number of tho 
C-atoms in tho unknown primary nucloi, would bo to that of tho 
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hydrogen atoms a8l2;24j 12:22; and 12:20 (or, 24:48; 24:44, and 
24:40); perhaps, how-over, these sugars are compounds of nuclei with 
different quantities of HO. 

Sulphur-imcleus : Oil of garliok, C“H®S (perhaps derived from the 
unknown primary nucleus CH®). 

Iodine-, Bromine-, and Ohlorine-nudei: C^Bi-;—C^HH; C'l'PBr; 
C'CP- C'H'Cl^;—C«H’C1;—C‘H-l“Br’;—C'^H»CP;_C“H"C1;— 
C^H’Br; C“H'’CP; C“H'Ck; C“H-‘Br*CP; C=»C1«;—C“H»Cl-''0”- 

(from C“H"C1; C™H'®CP; CHi’^ClO" and C“H“C1'’0^ (from 

Azo-miclei : The following compounds probably belong to this class : 
I-Iydrocyajiio acid, C'NH;—Mellon, CoN-*;—Oil of Mustard, C^HkMS^ 
( 8 : 8 ); but other formulm are more probable.—Iiuligo-blue, C'^H^NO* 
(16 : 8);—Pyrobenzile, (42 : ■18};—Azoiide henzoilique, C“I-P»N“ 

(28:12). 

Amklogm-nuclei: To this class probably belong: Bisucoinamidc, 
C®H®Ad0‘ ( 8 : 8 ); — Phtlialiniido, CTPAdO'* (16 : 8 ) ; — Imabouzy], 
C’^H“AdO* (28 : 12 ). 

Jlitro-nudei: These compounds are generally formed by treating a 
primary nucleus with ooncentrated nitric acid (p. 73). The following are 
examples : Nitrobonzide, C'T-PX, and Binitrobonzido, C'HPX^ (12 : C);— 
NitrotoluidOj and Binitrotoluide, C‘'H''X’ (1 4 : 8 );—Nitrostyrolo, 

C“H’X (16 : 8 ).—In a similar manner, from Stilbeno, are formed 

the nitre-nuclei, and and from Naphthaline, C“W, the 

nitro-nuoloi, C=»H’X, C-^H-'X’, C“H-’X», and C^PPXCP. 

Sulphobonzido, C'^H“(SO”*), is a sulphurous acid nucleus, formed from 
BenzolrrC'^H". 

Probably, also, there exist nuclei, in which H is replaced by cyanogen 
= C*N=Cy, or by sulphocyanogen = CySk Thus, Oil of Mustard, 
CTi'NB'’, may be regarded as C*H''Cy,S“, or as C’H'CyS®. 


B. COMDIKATIONS OP A PhIMAHY OH Sbcondary Nuolp.us with 
Substances externally attached to it. 

Envelope-nuclei. 

«. Compounds with Hydrogen,, 
o. nuclei combined uiiilt 1 Ai. Hydrogen. 

Indigo-blue, C'^H^NO®, is converted by hydrogenizing agents into 
indigo-wbito, C'®H’‘NO'‘,H. Many other vegetable colouring matters are 
converted, under similar circumstances, into colourless compounds, 
probably also by taking up 1 At. H, Indigo-white has the characters of 
a weak acid, so that perhaps the compounds of certain nuclei with 1 At. 
H should be regarded as hydrogen-acids. This 1 At. H appears to bo 
alwws YCi'jy loosely combined with the nucleus. 

To avoid uneven numbers of atoms, Laurent & Gerhardt double the 
atom, -writing, for example, indigo--white as C“H“N® 0 *,H^, 

H Akoleol-radicala .—These bodies contain odd numbers of hydrogen- 
atoms, and may, therefore, be regarded, empirically at least, as com¬ 
pounds of nuclei with 1 At. hydrogen: e, g., Methyl=C*I-P=CMP,H; 
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tliom, viz., Motliyl, EtKyl, Butyl 
.~ j ^1°) Aniyl=C'"n'’, and Ca2n-ofcyl=C'’H’“, have lately been obtained 
in the soiiarato atato. Tho methods by ■which their isolation has boon 
ellectod aro iis fellows : 

1. By tho action of zinc or potassium on tho iodides or cyanldos of 
tho radicals.^ ^Franklaud & Kolbo.) lodido of ethyl, strongly boated 
with finely divided zinc in a closed tubo, yields ctbyl and iodide of zinc, 
Jini't of tho ethyl being liowovor dooomjiosod into olefiant gas and hydride 

of ethyl, C'lP,Hi thus: 

2C'u» = c‘n-'+c'iP,ii! 

mid nnotlior portion combining with jiart of tho zinc, and forming the 
metalloidal radical, zinc-otliyl, C'l’IPZii. If water be iirosoiit, the whole 
of the ethyl is converted into hydride, thus : 

CHP1-I- [lO + 2Z;n — C-IIIMI -I- Znl.ZnO. 

Similarly, if alcohol bo present instead of water: 

CIPI + CIPO- -I- 2Zn = C'lP.H i- CIF’D + ZnT.ZnO. 

I’otaasium Ukowlso dceompoKOH cyanide of ethyl, but the whole of tho 
lihoratod ethyl is deconipoHod as above into C'lP and C‘IP.—Methyl 
anil amyl arc in like inaniior obtained by tho action of zinc on their 
iodides. 

Ml aotion of light outlie iodides of tho radicals. (Frankland.) 

iliis process has hitherto boon tried only on the iodide of ethyl. It 
odccts coinplele decomposition, provided some substance bo iiriwont which 
can absorb tho liberated iodiiio. Thus, when tho iodide is introdncod 
into an invcrteil glaas glolm provionsly filled with niorcnry, and exposed 
to tho rays of tho sun, tlio iodine coinhines with tho mercury, and othyl 
is Bcparatod in the form of gas. In this case also, if water bo jirosent, 
liydride of othyl is formed. 

•‘1. By tho_electrolysis of acids of the series (CH)"0*. Tlio general 
formula of this doeomposition ajuioars to ho: 

(CMliOi = C'-’U'—' -I- 2CO!‘ I- TI. 

In this nmrmor acotio aoid, C*IPOS yields methyl, CHI"; valerianic 
acid, C'HI'W, yields butyl, C"IP (Kol'ho, Chmn, A'oe. Qii. J, 2, I.*;?); 
caproic a,old, C''HP"0‘, yiolds amyl, C’HP'; and onuuithylic aoid, 
C'HP'O'*, yiolds caprotyl, C'HP". (Brazier & Qiissloth, Chem, Hoc. Qii. J. 
3 , 210 .) 

Methyl and othyl are ga.smms at ordinary tonijioraturos; butyl, amyl, 
and caprotyl aro liipiids, tho first boiling at lOH'', tho socond at l.'i.'i', 
and tho third at 202'’. They do not conihino diroctly with any of tho 
plomontary bodies, sncli as oxygon or chhirino; and it has not hitherto 
boon found possible to reproduce from them, by diroct union, any of the 
compounds of the motliyl-, othyl-sorios, Ac, 

The constitution of those hydrocarhons has given rise to considor- 
ahlo disoiission. The formiilro, CHP, C*IP, &o., originally assigned to tiieiii 
by Frankland & Kolbo, roprosout their vapours as moiiatomio (or, 
according to tho more usual mode of expression, tho oiinivalmits repro- 
smitiid by thcHO fonmdio corrosjiond to two volumes of vapour, ji]). ,')2, .'i.'l, 
and IM). As this amount of condonsation difibrs from that of most othor 
organic comiioiind.s, which aro diatomic (tho oiruivalont correKponding to 
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tlio preceding formula] ought to be doubled, e. g., that mothyl should bo 
0*1-1“, ethyl, C“H“, &c. 

This duplication of the formula] was first proposed by Goi'lmi'J*' 
(Gompt. mensuels, 1848, 19; 1850, 11), who pointed out that tlio_ so- 
called radicals hy no moans exhibit the chemical characters which might 
be looked for in bodies analogous to tho motals, and that thoy should 
rather bo regarded as liomologucs of marsh-giis. 

Hofmann (Ghein. Soo. Qu. J. 3, 121) has likowiso niaintainod that 
the formula) CH-P, &o. ought to bo doubled, and that tho compounds in 
question cannot really bo true organic radicals; first, because tlioy do not 
combine directly with any of tho cloiucntary bodies, or give rise in any 
other way to tho roproduotiou of methyl-, ethyl-, or amyl-compounds.— 
Secondly, bocauso thoir vapour-volumes nro difibrent from tlioso of ail 
other known hydrocarbons.—Thirdly, bocanso, if hT’ankhind & KoUio’h 
formula) bo true, tho boiling points of these compounds will not agroo 
with Kopp’s law (p. 55); thus tho boiling ])oints of butyl, amyl, and 
caprotyl differ succo.ssivoly by 47“, an interval more than double of that 
which generally corresponds to a diflforonco of CHP in bodies of tho othyl-, 
methyl-, amyl-series, &c.: now tho duplication of tlio foviuulio would 
remove this anomaly,—Pourtlily, liccauso tho docomposition of Llio 
iodides of the alcohol-radicals by zinc, is not porfoctly analogous to that 
of hydriodio or hydrooliloric acid, inasmuch as, in tho latter oaso, no 
compound of zinc and hydrogen is formed, analogous to zinc-othyl. 

To those objootious Prankland has givoii an olahorato reply, main¬ 
taining that tlioso bodies aro perfectly analogous to hydrogon, only less 
strongly cloctropositlvo. IIo points out, liowovor, that tho liydrocavboufl 
obtained by tho processes above onumoratod, must ho divided into two 
classes,—those of tho ono class being tho true radicals, and liaving tho 
general formula C"H"+'' {n an oven number), e. g., methyl = CHP 
—while those of tho other class, whioli are isomorio with tlio first, and 
aro tho hydrides of tho radicals, have tho gonoml formula ‘,11; 

e.g., hydride of othyl, CHiyi—CHP; tho formor ho regards as iiioti- 
atomio, tho latter as v^-atoiiiic. Tims tho gas ohtaiimd by tho oloo- 
trolysis of acetate ofpotasli, and hy tho action of zinc im dry iodido of 
methyl, is tho trim motliyl, CHF; while that olitaiiiod hy tlio aotiim of 
zinc or of light on iodido of othyl in iirosmico of wii,tor, or liy tho action 
of potassium on iodido of otliyl (not anhydrous), is not mothyl, but 
tlio hydride of othyl, C*IPH. That thosu two bodies aro roaily not 
identical, but only isomorio, is shown by thoir hohaviour with chtorino 
{vid. Methyl ).—To tho olicotiou founded on tho inactive oliaraotor of 
those hydrocarbons, PrniiKland rojdios that wo aro not justified in 
oxpoctlng all organic radicals to oxhibit llio active proportios'of cacodyl. 
For it must bo romombored that tho simplo radicals, that is to say, tlio 
motals and hydrogon, oxhibit groat divorsitios in tlioir combining tomlon- 
cios, presonting indcod a rogiilar gradation of proportios, from ]iotnHsiuin, 
on tho one liand, to hydrogon, gold, platinum, iridium, and nitrogen on 
tho other, tho bodies at ono extremity of tho sealo oxhihiting tlio most 
enorgotio alllnitios, whilo those at tho other oxtroniUy show hut littlo 
tendency to combine directly with any other olomont. It is not thoro- 
fore sm-prising that the compound radicals sluiuhl proaont similar difibr- 
cnoes; and that some of thorn, as cacodyl and zinc-motliy], should tnko 
fire on mere exposure to tho air, whilo others, viz., tho alcohol-radicals, 
should oxhibit even loss combining tonJonoy than hydrogon, and ovon 
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lio found inoapablo of reproducing any of tho conipouiida in tlio HoriuH of 
wliicli they form tlio Imais.—With regard to tlio vapioiir-vtdunieH of these 
riidicala, li'ranklaiid ohsorves that though they covtaiiily dill'er fmm 
thoso of moat hydrocarlions, they agree with tliat of liydrogeu, with 
whieh they are in every rosjieot unalogouM, and which, in fact, may be 
regarded aa tho lirat term in tiro sorioa of organic radioala, tliua i 

H + OTfJ r= CTP'i C:'-U» + C51l*^ C'll", &o. 

With rosjrcct to tho doviation of tho boiling jioint from Kopjr’H law, bo 
obaorvos that tliia law ia founded chiully on tho diHercucea olmorved in 
tho series of alcohola and fatty acids; but in bodies of more simple con- 
Htruetion, vit;., tho oxides, iodides, and eblorides of the radicals, greater 
clirt’oronocH are found; and bonce it may bo reasomtbly oxpec.tod that in 
tho radicals, which are simplest of all, the boiling jioints of the aucoos- 
sivQ tonus will exhibit still greater diiroroiiccs.—Jjastly, it is not to bo 
oxjtected tliat a compound of zino and hydrogoii slionld bo obtained by 
tlio action of zinc on bydrocbloric acid, inasmucli as such a compound, if 
formed, would bo instantly decomposed by tho excess of byilrocldorio 
acid profloiit. 

On comimring llieso, siweral avgnmoulH, it apjiears most jirobablo 
ibat tin? bodi(ss wbicli li'raiiUbnid calls methyl, idhyl, Ikv,,, iiro really tho 
true ra.dieals, and are strictly amilogons to hydrogon in Iheir eliemical 
relationH; Inil that in tho freo state, tlnur vupoiir-vtdinnes e.iiri'i'sponil with 
thoso of olhi\r hydroenrhons, and eonscipiently that Ihe ronnnhu asHigiual 
to them hy KranUland ought to ho ibmiiled. 'I'ho a)i)mreiit contradiction 
hero impfiod, is reconcilod hy tho view ado)il.ed by Itrodie and by 
Clerbardt, vir.., that, in tho free slate, tho inolmmleH of thi'so radicals 
(hydrogen included) are made up by llm union of two oloimmlary atoms, 
llrodio lias shown {/‘hil. 'J'ninH. IB.'iO, 7IIH; alistr. C'fim, A'ofl. Qit,, J. •!, 
that tho separation of an eloinonbiry hoily, snoli as hydrogen, from 
any of its oomliinatious, may ho regarded us a ehomieal syuthosiH of tho 
pavticloH of tho isolated oleiiicut, siinilar in fact to that whie.li takes jilace in 
tlio separation of a Goni]iound body, 'rims, wlum liydrido of coppor, Gii'd 1, 
is acted upon by liydroehlorio acid, Cu’Cl is formod and 211 sot freo: 

CuHi H nci ==■ wci + irk 

Tbo roaction wliicli boro takes ]tlaoo is truly a dmiblo dcconumsitiori, 
poi’foctly analogous to that wliicli avo observe in the action ol hydro- 
chloric acid on dioxide of coppor: 

Cu'O-lIU:! =-:Cu-Cl-l-tIO! 

tbo 2 At. liydrogon in the former enso combining together just, lilco tho 
0 and II ill tho latter. Many other exainplos tending to establish tho 
conclusion that all ohoniical reactions may bo viowml as double tloooni- 
positioiiB, and tliat the isolation of an olommitary body always involves 
a cliomionl syntbosis of tho atoms of that body, may bo found in Hrodie’s 
pajior above referred to. 

Now, wlion zinc acta on iodide of okliyl in prosonoo of water, tho 
piroduots are oxyioilido of zinc and hydride of ethyl; thus [C*K*~;l<;i'l : 

and tbo roaction Avbicb takes place when no water is present, tlio pro¬ 
ducts being iudido of zinc ami free ethyl, may bo roprosuutod in a similar 



manner; thus, substituting iodide of ethyl lor water on the left-hand 
side of the above equation, we have, 

Tlio action wbicli zinc at liigli teinperaturos exerts upon wator, may be 
regarded in a precisely similar manner, thus: 


, OH HO , 
'Zn Zu-' ’ 


:2ZnO + H2. 


In confirmation of these views, Brodio finds that zinc-ethyl and iodide of 
etliyl decompose each other when heated together to 170° in a sealed 
glass tube, forming ethyl and iodide of zinc, provided the action bo 
assisted by the presence of a considerable quantity of ether, in which 
zinc-ethyl is soluble, thus: 

{f‘^j")=ZnI + Et”-. 


It is highly probable that by similar methods, compound radicals, such as 
etbylo-mctbyl, ethylo-amyl, &c., may be formed. 

According to this mode of viewing the composition of tbo radicals, 
ctbyl stands to hydride of ethyl in the same relation as ether to alcohol, 
and would be to the compound radicals just alluded to, as ordinary ether 
to the compound ethers discovered by 'Williamsonj thus: 


y |lIy(lrogen. 

^ H of ethyl. 

CiH‘f^^‘^ ■ 

O'*!-!® I 

Capi-v Etliylo-methyl. 


}02 Water. 
Alcohol. 
Ether. 

C'‘n‘ln 2 Ethylate of 
Cnis/'^ methyl. 


According to this theory, the alcohol-radicals are strictly analogous to 
hydrogen in their mode of formation and their relations to other bodies j 
but in tbo free state, their vapours (that of hydrogen included) are 
^-atomic, and tho successive terms of tho series, starting from hydrogen, 
difibr, not by CTl®, but by 2C“tP, which reconciles the apparent anomaly 
of tho boiling points. 

The same view is adopted by Gerhardt in bis recent papers (Covipies 
mensuels, 1851, 1C9 ; Ann. Fhai'm. 83, IISV tbo formulu) being of course 
expressed according to bis atomic weights (p. 27); thus: 


jj jllydrogen. 

H 1 
H i 

• O Water. 

^ H } Ethyl. 

CTPl 
H 1 

■ 0 Alcohol. 

[Ethyl. 

C2H'i 

cni'i 

[O Ether. 

C i.is|Ethylo.inetbyl. 

cni'i 

CIHJ 

[Ethylate of 

1 methyl. 


Cennp. also Laurent (Oomptes mensuels, 1850, 241); Wurtz (iV, J. Pham, 
18, 230). IT 


p. Nuclei cbmhined with 2 At. Hydrogen. 

Marsh-gas, C*H^, may be regoi'ded as Methylene -1- 2H = C^IP,!!®.— 
Paraffin, is probably=C'“H“,H“.—Similar fonnulm may, perhaps. 
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be assigned to cither hydrocarbons which may be obtained in the form of 
oils or camphors.—Glycerinoj is perhaps and Mnnnito, 

; the last-mentioned compound may in fact be 
supposed to be formed from grape-sugar, in hydrogenizing 

actions, such as processes of fermentation. 

Lastly, the same type appears to include those organic compounds 
■which possess more or less of the character of a salifiable base. These 
Allcaloids maybe regarded as compounds of 2 At. hydrogen ■with a nucleus 
containing 1 or 2 At. nitrogen as such, and only in a few cases, as in the 
products of oil of mnstard, in the form of amiclogen. This nucleus, in 
addition to carbon and nitrogen, contains either hydrogen alone, or oxygen 
and sulphur in addition. Some few of these nuclei likewise contain part 
of the nitrogen in the form of amidogen or liyponitric acid. The nitrogen 
in the nucleus is essential; there is no alkaloid free from nitrogen. 
Among inorganic bases, ammonia exhibits the closest analogy to the 
alkaloids in its bohaviour with acids and metallic salts; and as ammonia 
may be regarded as a compound of UN with H“, so likewi.se may the 
alkaloids he regarded as compounds of a nucleus containing nitrogen with 
H". Moreover, as several atoms of oxygen united with nuclei form acids, 
and the strongest acids with nuclei free from nitrogen, so, on the other 
hand, it appears that 2H united with nitrogon-nucloi forms bases. 

This view may he satisfactorily carried out with most of the com¬ 
pounds belonging to this typo; but with regard to many, it is necessary 
to wait for a more complcto determination of tboir composition; for tbo 
present it may be regarded as an attempt to explain tbo ])cculiar propor- 
tios of the alkaloids from their peculiar composition (a nitrogon-uuclous 
and 2 At. hydrogen). Whatever probability, ho^wevor, this theory may 
possess, wo may bo allowed to introduce in this place the consideration of 
alkaloids in gonoral. 


Alkaloids. 

Organic Alkalis, Vegetahle Alkalis, Organic JBases, Alkaloids, Bases 
vigilales, Bases salifiables organiqxies. 

Memoirs, which treat of several Alkaloids togother: 

Serullas. —lodatos and Chlorates of the Alkaloids. Ann. Ohim. Bhxjs: 
45, 274. 

Pelletier. —Action of lodiiio. Aim. Ohim. Phys. 63, 1G4; also J. pr, 
Okem. 11, 257.—Action of Chloriuo. J. Pharm. 24, 153; also 
Ghem. 14, 180. 

HEGNAtiLT.—Composition. Ann. Ohim. Phys. G8, 113; al8o.<lnM. Phai’ni. 

26 , 10 . 

Liedio. —Composition. Ann. Pharm. 20, 41. 

A. V. Planta-Reioiienau. Reaction dm'Alkaloids. Heidolb. 184G. 
Anderson. —Organic Bases in Done-oil. Trans. Roy. Soc. Edinb. IG, 4; 
Phil. Mag. J. 31, 174; Ann. Pharm. 70, 32; J, pr. Ghem. 45, 153; 
Pharm. Cenir. 1848,773; E. J. Pharm. 14, 372.—Further. Trans. 
Roy. Soc. Edinb. 20, II., 247; Phil. Mag. J. [4], 2, 457; abstr. 
Chem. Soc. Qu. J. 5, 50.—Action of Nitric acid on Organic Alkaloids. 
Ann. Pharm. 75, 80.—On some of tbo crystalline constituents of 
Opium. Trans. Roy. Soc. Edinb, 20, III, 347; abstr. Ohem, Soc. 
Qu. J. 6, 257. • ■ 
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Dolfus.—C ombinations of certain Ovgiiuic Bases with IlyJrosnlpliooyanio 
and I-Iydroforrooyanio acids. Ann. Thaivi. d.l, 212. 

Hofmann.—O n the Volatile Organic Ba-sos. C/icm. A’oe. il/m. 2, 2G0j 
Ann. riiarm. .'>3, Hofjiann & Mikspratt. 0/icm. Soc. Ifem. 0, 
ni; Ann. Phemn. .OH, 201.—Hofmann. Chem.. Poe. Qit. J. 1, l.'iO, 
2G9; Ann. Phaym. 0(t, 148; (57, 1.— 0/iem. Poe. Qn. J. 1, 28,'); Ami. 
Pharm. 07, 160. —JV. Ann. Chim. Pliys. 2.1, 2;5(); Jalircshyy. L. ibK. 
1847-8, G55, GG7.—Further. Chan. Poe. Qu. J. 2, 00, atul 000; 
AnnPhann. 70, 129; 70, 180; 74, 1 tnnl 00; N. Ann. Vhim. Phjs. 
28, 429; abstr, iV(a?-w. Gcnlr. 1849, /390; IS,GO, 200; Compt.mcn- 
suels, 1850, G7; Gompt. rend. 28, .540; Pmtd, 1849, 129; 27. J. 
Phamn. 15, 397; Jahredm', 1849, 0.52, OGO.-—On the heiiavieiir of 
Aniline and the AIcoliol-bii.soH with Nitrous acid. Chem. Poe.. Qu. J. 
3, 231; Ann. Phnem. 75, 0.5(5; ahstr. N../. J'hnrm. 18, 099; Pharm. 
Oenir. 1851, 89; Jahresber. 18.50, 440.—Uesoarc.ho.s regarding the 
iiiolocnlar constitution of the Volatile Organic liases. Phil, '/'nuis, 
1850, I., 93; ahatr. Chem. Poc. Qn. J. 0, 279; A'. A tin. (l/tim. I'htjs. 
30, 87.—Preliminary Notice. Ann. Pharm. 70, 91; ./. py. Chem. 
48, 243; Inslit. 1849, 258; Oompl. rend. 29, 184. I'’nrlhnr, J7iil. 
To'ans. 1850, 93; Ann. Phann. 78, 2.5.0; 79, 11; A', Ann, Chim. 
Phijs. 30, 108; abstr. Chem. Poc. Qu. ./. 4, 004. 

Laurrnt,—O n Organic Alkaloids containing Chlorine and Bromine. 
Ann. Pharm. (59, 8. 

Pi.ANTA.— Composition of certain natural Organic Busch. /Inn. Pharm. 
74, 245. 

STENirousp..—On tlio nitrogonous principles of I'pgolahleH us the sonrees 
of artificial Alkaloids. Phil. Pram. 1850, 1., 47; -inn. Pharm. 70, 
198; 72, 80; abstr. Chem, Poe. Qu. J, 0, .OOO; Pharm, Cmtr. 1849, 
705; 1850, 18G; Phil. AUt(). J. 0.5, 534; Chem. (hn. 1849, 04!) luul 
422; P, J. Pharm. 1(5, 4.5(5; Jahresber. Ij. ib K. 1849, .OOO, 
r. TirkNAun,—Oi'ganic Bases containing ]’h<)K[)liernH. Instil, 184(1, No. 
002; licrz, Jdhrosbe.y. 2(5, 598. Furlhei': Compt, rend. 25, H02; 
Pharm. Centr. 1848, 77; Phil. Ma<j. ./. 02, 150; Jahresber. h, i(i K. 
1847-8, 045. 

WuRTZ.— On a series of Alkaloids homologons witli Ammonia. N, Ann. 
Ghim, Phys. 30, 440; J. jtr. Chem, 52, 190; nbstr. Ann. Pharm. 
70, 317; Pharm. Centr. 1851, 10(5, 177; dahresb/r. h.Ai K. 1849, 
302; 1860, 443; Chem. Poe. Qu. J. 3, 90, 

Organic Bases containing Antimony; Lbwio & Sorwrttzrr. Ann, 
Pharm. 76, 315, 327; J. pr. Chem. 40, 386; 50, 821; Pogg, 80, 
338 ; Ghe/n. Oat. 1850, 201, 372, 395, 420.—I.anooi.t. Ann. 
Pharm. 78, 912.—Ahatraot of the whole in l.tUvHi's dey 

Organischen Ohmnie. Braunschweig. 1852, 383; also Chem. Poc. 
Qu. J. 5, OG. 

The oxistonco of organio AaWs has long boon rneegnised, hot that of 
organicyyases remained unknown until merereeent times. Ser- 
turner first showed in 1890 (/I. Tr. 14, 1, 117), ami aBorwards more com¬ 
pletely in 1817 {Oilb. 5.5, Ol), that Tuorjihino, wliieh lie had disoevorod in 
opium, behaved towards vegotahlo celonrs and acids like an alkali; and it 
was not till then that the hasie nature of nareeline, a snhstanco proviously 
disooverod in opium, and of cinchunino, ohtainotl from Ginchema hark, was 
brought to light. This discovery loci to the searoh for similar sulmtancos 
in many par^ of plants distinguished by their poisonous or medicinal 
action, and to tho discovery in many oasos of an alkaloid existing 
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thoroiii as tlio active i)i’Iuciplo, auJ goiiorally in combinatlou witli an 
acid. 

Many alkaloids may also bo obtained by artificial procossos. IJnror- 
dorbon, in .1820, first disoovorod sovoriil volatilo alkaloids ns products of 
dry distillation; a.g., Grystallino (Anilino), (.Idoriuo, &o. Moro roccmtly, 
cboinistH liavo succcodod in propariiig alkaloids artificially by otlior 
procossos. 


Prqmralion of Naliiml Alhiloith. 

1. If tlio alkaloid is vidatilo without docoinpoHition, tlio plant wliioli 
contains it, or its concontratod aquoous extract, is distilled with a fixed 
alkali; the watory distillate, whicli goiiorally contains aminoiiia as well 
as tho alkaloid, is exactly nontralinuil with sulplniric acid; the liipiid 
ovaporatod to drynoss; tho residue exhausted with absolnto alwdiol (or a 
niixtiire of it noth ether), which dissolves the Hiiljdiate of the a.lkaloid, 
and leaves tho sulplnite of annnonia nndissolved; the alcoliolie solution 
evajiorated to dryness, Acith froipient addition of waior; end the resiiliie 
distilled witli a lixed alkali and water,—whereu)iou the alkiihdd passes 
over, partly in the, sopa.riile slate, and jiarlly dis.solved in water. On 
agitating tho aipieons solution with pure elhi>r, decanting the other from 
the watery liipiid Indow it, and leaving it to evaporate, the alkaloid, 
whoso boiling ]iolnt is fur below 100", remains hchino. 

2. With tho more fixed alkaloids, the fidlowing is the procoss geiio- 
raJly adopti'd. 'J'lio plant is exhaustod with wa.ter, id'ten with iho addi¬ 
tion of a small (piantity td’ snl[diurie, hydrochloric., or aeidie ac.id| (ho 
brown cidonring nin.ttor and oilier foreign snhsInnci'H, jirccipitiited, if 
necessary, by acetate or mdaicelate of lead; tho filtrate freed from lead 
by hydroNulplniric, acid; and after Hiilllcient conciontratien treated with 
ammonia., or a fixed alkali, or magnesia, in snllleiont qiuuitity (n saturate 
tho aeiil. lly this process, tho alkaloid, rvliieh is hut very slighlly seluldo 
in water, is ter the most part imieipitalod; but it goneratly rm|uirns to bo 
purified liy rocvystalliv.atien from hot aleolnd, or by digesting the iicid or 
aleobulic solution rvitli animal charcoal, iho. 

h’or till) separation of alkaloids, such ns ati' 0 ))iiie, which am readily 
doeomposed hy allialis, tho cidd concimlratod mpiemis extract is agilaled 
with a fixed alkali and ether, or a mixture of etlier iiiul iilcolml, and the 
othoreal solution of the alkaloid separated liy doeantiition; wlimi ovapo- 
rateil, it leaves the alkaloid in a stato lit for I’nrtlier )iiirili<mlion. 

.Since most alkaloids form with tannic acid a componiid sparingly 
soluble in water, the extract of the ]ibint ]ircpared with lioLwiUer, er 
with Avater emitiiiiiing a very small ipiaulity ef sulidiuvio acid, may ho 
nmitralixed, Avlien ipiito cold, Avitli ammonia, potash, or soda; tho lii|uid 
mixed Avith a strong infusion of galls as long as a [ireuipitato (uintiiiiiiiH 
to form; and tho jiroeipitato colUietod on a limm cloth, washed Avitli cold 
Avater, pressed to tlio coiisistcmco of dough, niid Ihtm mixod Avith a slight 
oxcess of limo proviously slakod to poAvdor, Tho niixtiiro, Avliioli bcemncH 
first green and aftenvards hniAvii, from doflomjmsition of tho tainiio acid, 
is then dried over tho Avator-hatli, Ilnoly pulvorisod, oxliaiisted liy hoiliiig 
Avilli alcehel or other, tho solution tfltored to sopaiuto tho laiuialii of 
lline, and Llm greater piu't of tlio alcohol or other distilled frum tho 
filtralo. Tlio rosiihio ofloii yields crystals of the alkaloid in the imurso 
of a foAV ilays; in other cases, it is exactly neutralized Avith Hul[diurio or 
phoHpliorie acid, ill order to obtain a crystallizablii salt. With volatilo 

voi.. vn, N 



alkaloids certain modifications of this process aro roqnirod. (0. Henry, 
J. Phann. 21,222; abstr. Imi. Pkarm, 15, flOO.) The precipitate formed 
with the tannin may also bo dissolved in alcohol; the taimiu prooipitatod 
by sugar of lead; the oxcosa of lead roinoved from the (lUrato liv snl- 
p’hurcttcd hydrogen; and the alkaloi<l separated from the filtered selntiou 
of tlio acetate by an alkali, after Buflieiont concentration. 

Furthor details will be given in treating of the imlividnal alkaloids. 


Preparalio7i of Arlificiul All-aloida, 

1. By tbo dry distillation of azotizod organic compounds.—Ooal-liir 
contains Lonooliiio (Cbinolino) and Crystnllino (Aniline), which hittov is 
produced more abundantly in tho dry di.stillation of indigo. Tar from tbo 
dry distillation of bonos contains Odurino, Oliuiino, Auuiuiliue, and Ani- 
inino {vid. p. 70). 

2. By distilling azotizod organic componnilH with hydrate of potash. 
Quinrae, Cinoboniuo, and Stryohnino, thus troatud, yield Ijcnoolino 
(Chinolino). 

3 . By treating organic compounds containing nitrogen and Hnljilmr 

with a llxod alkidi, oxide of load, or red oxido of mercury in the wet 
way. When Thioainnamiiio, G“11“N*S® (=C“M‘(CyS’'')Ad,(r‘), itself an 
alkaloid, is triturated with liydratod oxido of lead and water, 2 At. siil- 
pbido of load aro formed, 2 At, water separated, and nnetlier iillciileid, 
Siiuianiino, (=C“Ii'‘CyN,IP), is produced. 2 At. Oil of Miistanl 

= 2(C®H“NSB=2(C''IPCyS^), with G At. oxido of load and 2 At. water, 
form 4 At, snlpliido of load, 2 At. carbonate of loud, and tho nlkaloid, 
Sinapolino, (ssC'^IFCyAdO’,!!"). I’lionito of ammonia, kept 

in a scaled |jlass tube fur soino weeks at a tomporatnro of 300 “, yields a 
largo quantity of Aiiilinoi 

C'=H''0'> + Nll» = 2)K) + cnim. 

Fnrfiirol, iiiiinorsod in aipioous ammonia, is gradually con- 

VGi-tod into Furfuramido: 

SfCni-'O') + 2NH”-6HO ^ 

This furfuramldo is not a base, but is immodiatoly resolved by tho aetion 
of dilute acids into atmnonla and furfurol; hut by boiling with dilute 
potash-ley, it is oonvortod, without any ovolutiou of ammonia, into the 
base, Furfurlno, which is isomorio with it. Tlio jiotaali, iborefero, altera 
the lUTangomont of the atoms. Furfuramido is probably C”n“'(NIt''')0“, 
and Fiirfurino, C®’H‘»N=0'',1-P (Nucleus = 30 :18^ 

4. By treating certain nitro-coinpounds with liydrosiilpliiirio acid or 
hwlrosulpbato of ammonia.—Tho process always conaiats in this; that 
GHS aro deprived of all tlioir siil|)hur, whioli is procipitated, while -III aro 
transferred to the 40 of tho N0‘ in tho oompound, wliorohy 4110 aro 
^arated, and in thoir stead 2H pass into tlio oompound (p, 75). Thus, 
C'HPX.is converted into Aniline, C'HPN,n»; Nitrotoluule, 
G_ ihto Toluidine, C“I-PN,IPj Nitronapkthalino, C“1PX, into 
NaphthaUdam, C*>tPN,I-P, &o. 

w ftnother alkaloid with oxido of inanganoso and sul- 

Opianio acid and a now alkaloid, 
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^ Porniation of ihe Conypound Ammonias discovered hy Wmiz and 
, ^^‘^ann. (p. 10.) — a. By the action of caustic potash on the cyauates of 

■Otliyl, ethyl, amyl, &c. (Wurtz), thus: 

cn-PQ ,gNO + 2(KO,HO) = 2(KO,CO-^) + Cn^“N 

Cynnatcj of methyl. Metliyiiunijie. 

CMTsq .C^NO + 2(ICO,HO) = 2(KO,C02) + C^H^N 

Cyantito of ethyl. Uthylaiiiiiie. 

C»Qn^»0 ,C-iN0 + 2(KO,HO) = 2(KO,C02) + C’«II'^N 

Cyaimto of amyl. Aiiiylaminc. 

it. By tho action of potash on aeetvl-urea, C''H“N*0^ and metacotyl- 
^ii'erL, C'PPN^O” OVurtz): 

CiH“N203 + 2(KO,HO) = 2dCO.CO-) + IPN + C^IPN; 

CdWO'! + 2(KO.HO) = 2(KO,CO’) + H^N + Cdl^N. 

o. By the action of tho iodides and bromides of tho alcohol-radicals 

ammonia, aniline, and its derivatives, chloraniline, nitraniline, &c. 
(•E’lofmann.) 

Urornidc of ethyl with ammonia yields hydrobromato of Elhylclmine: 

H^N + C'H»Br = CIDN.HBr i 

lL>y treating this salt with potash, tho ethylaniine may bo set free in 
tno form of a gas abaorbablo by water, just as ammonia is sot free from 
J*3''^li’obroniato of ammonia.—In a similar manner etliylamine acted upon 

Jiyrlrobromic acid yields (C'‘I-P)“,I1,N = C®I-P'N; and 

till a again acted upon by bromide of ethyl yields Trietliylamitie, 
= C'’H''N, This last compound docs not appear to bo acted 
ux> on by excess of bromide of ethyl, or at least to a very slight extent 
J but the iodide of ethyl acts upon it with facility, forming an iodido 
of ^’otreiliylium: 

C'2H>'N+ CIPI = (C'H»)iNI. 

A. aid the solution of this salt, treated with oxide of silver, yields a pre- 
cijiitato of iodide of silver and a strongly alkaline solution containing 
tlio 7tydraied oxide of telrethylinm , (C'‘H'’)‘NO,HO, which, hy evapo- 
rfi.fcion in vacuo in presence of sulphuric acid and limo, may he ohtainod 
in tlie solid state, forinliig in fact a fixed alkali, like hydrate of 
liotnsli. 

'When iodido of methyl is treated with concentrated aqueous ammonia, 
fi VO clifTeront iodides are formed, viz.: Iodido of ammoniinn, bPN.l; iodido 
of ‘methylhim, H“,C’bP,N.Ij iodido of dmictZiyZMtwi, H'*,(CT-P)*,N.Ij iodido 
of t^'imetJiyliwm,, H,(C’bP)®,N.I; and iodido of tetramethylmm, (C*rP)^,N.I. 
Tlio last, when separated by crystallization, rodissolvcd, and treated with 
O 2 ci< lo of silver, yields a solution, from which, by evaporation, tho hydrated 
03 ci<lo of totramethylium may he obtained in the solid state, and oxhihitiiig 
proj>ortics similar to those of tliotetrotliylium-compound.—Iodide of amyl 
tz'on-fccd with ammonia yields similar results, though not so readily, 

Ll’Iio action of iodide of methyl on trictliylamine yields tho iodido of 
mctJh'i/lotrietliylmm, (C“IP,C'‘H''),N.I, fi’oni which a crystalline liydratod 
ox:itlo may bo obtained by the method .above described.—Similar results 
by fclic action of iodido of am 3 d on triothylamino. 

I oilido of methyl acting on dicthylamylamine yields iodide of met/tyfo- 
dial7i.ylmnylmm, {CM-P,(CU1'')^C“I-P'}N.l. 

N 2 
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Aniline, which may be regarded as Phmylamine, I-P(C"I-P)N,^ yields, 
when treated with excess of bromide of ethyl, the hj^lrobrmuato of 
EthjlanUmo or Ethjlophmyla-,nme, H,(C‘I-P),(C>“I'P}iN=C‘“ir'N; thus: 

C‘2H7N + C^Il'Er = C'“H"N,HBr; 


and this, when decomposed by caustic potash, yields tho base in the lorin 
of an oily liquid resembling aniline, but difl'ering from it by a slight 
difference of odour, a higher boiling point, and a_lower specific gravity.— 
Bv precisely simlltir actions a great number o£ siniilav couipouiitls may bo 
formed; e.y, Diethylaniline, (C^H7,(C'^hP).N=C“H'®Nj 

ZiM«=H(C‘H')C'^g[‘}N=C'«H“ClN, Ac. 'll 


Properties. All alkaloids, excepting coniine, jiicoliiie, and some of tlio 
compound ammonias,arelieavier than water. [Sp.gr. of otliylaiiiino=0'oi)G‘l- 
at 8-'; of amylamine, 0-7503 at 18“ (Wurtz); of otliylauilino, 0-.054 at 18"; 
of diethylaniline, O'OSO at 18". (Hofmann.)] Those vvliicli contain com¬ 
paratively small numbers of carbon-atoms, and nothing but liydrogeii and 
nitrogen in addition, are watery or oily liquids; thus iiicotiiio, coiiiino, 
aniline, loucolino, and picoline, are oily liquids; most of tho coinpmiiul- 
ammonias are watery liquids; but those derived from aiiilinoaro oily. Tho 
bases analogous to oxide of ammonium form solid liydrutos.—Tlioso 
alkaloids which contain oxygen are solid, and mostljy orystalliiio, and fiiso 
when strongly heated, generally without decomposition. Almost all tlio 
alkaloids are colourless, the only exceptions being sominaphthalidam, 
which is yellow, and harmalino, which is yellowish brown. Tho solutions 
of all the natural alkaloids examined by Bouohardat oxliibit a rotatory 
action on polarized liglit; but, according to Laurent, this projiorty is not 
posscs.sed by those which arc produced artificially. Tlius, nicotine, 
C‘“H'jN',H’, turns the plane of polarization 03-5'' to tho loft; but aniline, 
C‘*H®N,H^, which closely resembles it in composition, appears indilforont 
to polarized light, as likewise do amarino and lophino. 

Methylamlne is gaseous at ordinary teniporaturos, and doos not lic|uofy 
till cooled below 0“. (Wurtz.) Tho other alkaloids consisting wholly of 
carbon, hydrogen, and nitrogen, are li(juid at ordinary tomporaturcs, and 
their boiling points lie between 18° (ethylamino) and 300"; they may, for 
the most part, ho distilled without decomposition out of contact of air, 
those only which have very high boiling points sufforing dccomjiositiou 
when distilled. Alkaloids containing oxygen and sulphur, on tho con¬ 
trary, are wholly or for the most part decomposed by distillation. 

1I_ The bases analogous to oxide of ammonium aro docomnosod by 
heat in a very remarkable manner. A moderately concontraterf solution 
of oxide of tetrethylium may be boiled without alteration; but as soon 
as the base becomes nearly dry, it is decomposed, even at tho boat of tlio 
water-bath, yielding water, triethylamine, and olefiant gas. 

(C-‘H6)-‘NO = HO + (C'H'’)3N + C'H-'. 


Oxide of tetraraylmm is decomposed in a similar manner; but oxulo 
Qt fAkatnethyhum undergoes a different kind of decomposition, wliich Ims 
not yet been tuUy examined; it yields, however, like tho other two bases, 

'■•‘O'. 

(CtH»)®(C'»H")NO =?! HO + (C8H®)2(CWH")N + CHI'. 
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Tlioso liiiaoK ajipoiu' ituleod to foviu a coonoctliiff link lu'twoou (ho 
volalilo anil tlin iioii-volatilo alkaloiilsj fuv many of tiui (Ixml nnlivo 
alkaloitln yiislil volalilo baaoa wlion Hulijoctod to tlio notion of liout or of 
IiotaHh; (f.i/., i|ninino, oinolionino, atv^cliiiiiui, anil ]ioloHin(', yield loiicolino 
amoiifi; tliolr ju’oiIiioIh of dcooinjio.sitioii; wliilo iiijiorlno givo.s iiioolino (1), 
and movjihino, ealfoino, codoino, and narootino, liavo aotniilly Loon oon- 
vortod into aloiduil-limwa, tlio I'onuov yioldiuff motliyliimiuo, tlio two lattor 
propylainino, (C'’ID)H*N. (Ilofuiinin.) It i.a trno that tlio donoiiiiiowitionH 
of tlio.so nativo alkaloida aro miioli moro coniplioatod tlian tlio.so of tlio 
artilioial ainmoninm-lniHOH; wtill aeortaiii aniilo;iry ii|)|ioarH to oxi.st Lotwooii 
tlioni, and may jiorhaji.s pavo tho way to tlio artilioial jirodmitioii of tlio 
lixod nativo nlkaloida, (llofimmii.) If 

Most alkaloidn turn ruddeued litmus Iduo and viidots ffroon; c.i/., 
iiicotino and morpliiiio j tlio compound amiiioniaH likowiso oxliildt stronp; 
alkulino roactionsj lint tlio woakor Ihihos, Hindi im narootino, aro nontriil to 
vop;otablo colonr.M, and like tbo oii.rtliN, cxliibit tlioir liasio oliai’iiotor only 
in tliclr boliavionr with lundH. 

Only tlio most volatilo alkaloidsbavoany porcii])lildo mlonv at ordinary 
tomiioratnroH, and tlinso bavo ^onoiultya. pono.tratiu^ odour; o.;/., niootiiio, 
conlino.—H Motliylii.iiiino, otliylamiiio, and amvbiniiiio, niiioll very iimoli 
liko aiiinioniaj tbo liitlor also has an odour liko that id’ tlio aniyl-oom- 
poiinds, Tbo odour of tbo bij^hor baso.s id' lliiN t;ronp is loss iiiiinioninoal; 
Homo of tboHo dorivod from anilino aro aroniiHio.; trlinotliylamlno and 
triotbyliunino liavo a poo.nliar fisby odour, li- -Tlio tasl.o id'most nll;aloidn 
Im bitter; union;!; tbom in fact aroHomoof tbo liiltorost Hiibslanoos kiion'ii ■ 
Htryolinino, for oxamplo. A fow idbi'rH laslo Hbiirp, iih voralriiio; or 
aromiitio ami biiriiiii;;;, ns anilino and louoolim'.~Tlio allviiloidH, no far 
as tlioy bavo boon oxaminod, aro ilistin^iuiHbod by Htron;,' modioinal aolion, 
Somo of thorn, as iininiiio, act as pure IdltorH; otliorH oh naroolioH; Homo of 
tbom aHHtrycliuino, boin;;' in fact t.lio niont violont naro.otio|ioiKonH known; 
otliors, UN voratrino, oxort an acid action; otbors, iih niooLino, ladli acrid 
and narcotic; and, finally, hoiho of tbom, um picolino, mipoar to aol, moro in 
the manner of volatile oilH. 

Decnni'posilicma, Most alkaloldH which nro li(|nid at ordinnry toinjicra- 
tnvoH turn brown and bocoiuo rcsimms wlion exposed in tlmnir, tbo obiui;;o 
being appiirontly aoooiiipaiiiod by fonnalioii of iiiiimonia ; tlio oinupoimd 
aiiimoniiiN, liowovor, do not oxbibit tluH oliango, witli l.lio oxoopl.iim of 
Homo of tlioso dorivod from anilino.—•Tbo moro llxod nlkii.loids, vilion hiiIh 
joolod to dry distilliitlnn, yiold oarboiialo cd' ii.niiiioiilii. togollioi' with otiior 
iirodnots.-'-iMiiny alUaloiilH, when troatod witliNtrong iiilrio. ao.id, oblorino, 
liromino, iodino, Ac., oxliiliit pccidiav cidimr.s, probably in miwt oamiH 
iioconipaniud by doeompoHitiotiH. 

[fi’iirtbor dotailH roHiiooling Llio.so dcaompoHitioiiH will bo given in 
troatiiig of the individual alkaUiidH.j 

Cowhintdiom, Some alkaloulH, snob an niootino and picolino, and most 
of tlio compomnl ammoniaH, mix with water in all proiuirtbinH; olliorH 
disflolvo in it blit Bparingly, many roiiniring Hovoriil liiindrod or llioiiMUid 
piirts. Alooliol dlHMolvoN tbo alkaloids niiinli moro freely; ether diwiolveH 
many of tbom readily, but Hcveriil of IIioho wliicli eciiitiiin oxygon, ein- 
olioiiiiio, ami morjiliino for (ixiim)ilo, aro nearly insoinble in that liipiid, 

Ill Iboiv coiniiimitioiiH with acids, tbo alkaloids aro unulogoiis to 
amiiumia (II,, *12(1); for tlieir compoundH with liydrocblorie. and utlmc 
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hvdroseu-ackls appear anliydroua after drying; but for tlio production pf 
tbeir oxygen-salts 1 At, of water ia req[iiircd; and tins water I’O'uunis in 
combination after the salt has been completely dried between 120 aiul 
140 .and cannot boexiielled without decomposing tlicaalt, (Ilcgnault.;—- 
Thus, ilriwl hydroclilorate of niQtpbine=C^H.''’NO‘’,HCl; .and aulpbato of 
Biorphino dried at ]30“=C=“H'”NO»,HO,SO^ Similarly, bydrooblorato of 
aniline in the dried state=C'’H'’N,HCl; tho sulpluite^C^H’NjHSO 
The wits formed by tho combination of an organic acid with the alkaloids 
contain for each atom of the alkaloid, 1 At. of tho acid dried per sc, or 
1 At. water and 1 At. of tho liypothctically anhydrous acid.—Some bases, 
as ijninine and cinchonine, are capable of forming bibasic salt-s, wliioli 
have a very weak alkaline roactioii. 

Most salts of the alkaloids are crystalline, some pniveriilont and 
fttBimy. In consequence of their greater solubility, they gonoralJy exhibit 
the taste of the alkaloids in a much higher degree than tho alkaloids 
themselves. Many of those salts are neutral, but other,s have an .acid 
rwetion; inasmach as 1 At. of a strong acid is not completely neutralised 
by 1 At. of a weak base. 

The Bolutions of most salts of the alkaloids may be evaporated to 
dryncM wrthont decomposition; if, however, they contain a volatile acid, 
sad Ae alkaloid ia a weak base, part or the whole of tlic acid i.s given 
eff; similarly, the salts which contain a volatile alkaloid, give off part of 
It when Lest^, and the more readily as tho acid is weaker. 

rircait of the voltaic battery, the aqueous solutions of tho 
^alow-ijalts deposit their alkaloid at the negative polo.—If tho solution 
be not dilute, cinchonine, quinine, or morphine, when thus treated, is 
»vparatM in the fom of ascaly deposit on the negative pole, or ns a wbito 
elomi. (Bnmde,/. Eoy. Imt. 1, 250; also Sclm. 62, 82; also Fomj. 22, 308.) 
VVben an electnc current is passed through a enp containing water aoidii- 

also is placed a voltameter a (Plato IV., 
‘;'‘®.l’y'lrogen gas, then through a cup containing an 
t the\lkaloid, in whidi is 

c for i t hydrogen, .and another volta- 

oxygen, the following phenomena are observed; Vrom 

in a, not 58 but 
stryebnine, the propertion=59 ; 24; 

of the alkaloid is not so great as 
* ^ tho Toltameter ay the oxyijGu 

Fr WBt. {H,aicB it wouldatryclinmo, aljout 

tie ptsitive pole oxidates the carb™<>xygeu evolved at 
»!•« ras.1—But the hvilmon ®f fbe alkaloid, and libo- 

froa the aobtion of the alkaloid^is nnrr- ^Heoted in tho voltameter 5 
^riy to that in the voltametw approaches more 

siiAiid has been acidulated win, ’ i f* oportion as the solution of tho 

u» k,a,^r^.y.I'• tef r»% "t suiptari. 

M t 80 wiKiS;?,.” ‘ 8», in i «d 70 : S8, 4ill, 
k osed, 4 cubic eentimet^^ nf 1 solution of sulphate 
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and 3'2 cub. cent, liyilro^fon, wliilo the otlioi* porticii, wbicli, ac.t'unliiig 
to tbo voltamotcr «, corresponds to 0-8 cub. coiit. of liyilrotfoii, (iccom- 
posoH tlio atryoIiiiino-saUs, soparatiiiff from it a (luaiitity of Hlrvi'liniiio 
otpiivaloiit to the ()’8H cub. cent, liydrogoii, For 0’8S cub. cent, liyilro^fcu 
weigh 0'000(17208 grm.^ and tbis multiplied by ddO ( the ap]iroximato 
atomic weight of atryclniiuo), yields 0*()2.'i‘22H gnu., which acccjrils pndl.y 
well with the ([uautily O'O'i? gnu. actually oblainod, (MatUuicrl, Airit.. 
C/iim, l‘hys. 74, 105.) [The cxporinuiiit ailmits, however, of another 
intorprolation, A onrrout which, in tbo voUametor rr, sots free d cubic 
ccntiiiioti'ca, or ()'0()()3(j()J: gnu. liydrogoii, should separate d.'iO times this 
qinuitity, or 0‘12(]l‘t gnu. of strycliiiiuo; and that only 0'()27 gnu. is 
separated arises partly from soiuo of the stryohniiio rmuaiiiiug dissolved 
in tho liquid, ami partly from a }>orti()ti being dceouiposed by tlie oxygen 
at tho positive polo, in oouHO([uon (!0 of which also the oxygen evolved is 
loss than it should be, and not quite pure. (Om.)| 

From the a([neoUH solutions of their salts, the alkaloids are ]ir(>clpit(iteil 
by all iuorgiuiic alkalis, by maguesia, and by a fmv (d’ the stroug(‘r basiM 
of the heavy metals, and aessu'diug to their pcsmliar iia.tun', sometimes in 
crystals, Hakes, or gelati\ieus masaea, Hometimes iu oily dro)is likc\ auiliuti; 
Hoiiudimes again they remain disHohnal in the watery liquid, ami volalilir.e 
when beatuil, like iiicoLine and most of the eemponud a.mmoniaH. —• 
An oxi'(^s.4 (d' tho eaustie ulka.lis r(»-diss(dvtm eiutaiu nlkahdds, r'.//., 
morpbiuo and atnqiine.—yMkalino iiienocarlnmaLi's ilkewis(? preeipitalo 
tho Halts (d' the li.xed alkaloids; bicarbonate of ]uda‘ih or soda generally 
preoipitaloH them even in tlio etdd, but more ijuiekly on boiling; if, 
linwcvor, tho H(dutiou coutains lartario acid, certain of the alkahdds, such 
US cinchonine and narcolino, are no longer in’ooipUatod lit ordinary 
tonqioraturoH by alkaline bicarbonatos. 

isinno tho li.xod allcabdds yiidd sparingly soluble salts ivith curtain 
inorganic acids, the aqueous solntions of tbo more soluble alkaloids form 
prociiiitatoa with tho above-mentioned acids, and especially with their 
neutral anunouiacal or potash salts, tho precipitation being mere rapid us 
tho solution is stronger. 

I'lmylmif. <]j' tSuild, for cxtmudc, iirccipiUitcs the salts of quinine, 
bebeerine, morphine, narootiue, slryclinine, brucine, sohinine, veratrine, 
and del))binine, the preciidtatc.s boing crystalline in mnne cuhos ami 
llocciilent in idliers. 

loiliilc. it/' PoltusitiM, preidpilalos tho salts of einehouine, Isdieerlne, 
strychnine, brucine, luorphiuo, codeine, uarcoiiini, veratrine, delphinine, 
and emetine; sometimes in the crystaUlno, soiuetimc i iu the [mlvernbmt 
or lloconlont state. 

Ai/ueom Jiiniodiik nf I'utamhiin (111., dll), added to iminy alkaline 
salts, throws down crystalline coniiaiiiudH of a hydriodate of this alkahdil, 
with 1 or 2 At. ioiliiui more (soinolimeH thoro is rornied u, pulverulent, 
lloeenlent, or innoous procijiitalo, cousiHling of a mi.\tnro of several 
defiuito compounds'). Tho jirooijiitato forins with r.inc or iron a. sidiibhi 
crystallixablu compound of iodide of sdno or iodide id' iron with the 
hydriodate of the alkaloid. Aqneons potash noured mi the precipitate 
ferms iodide of petiiHsium, and tho oxygen of tlie potash partly t•onverlH 
tho alkahdil late aindlier cenipouml. (Ihiuehardat, riin/. Ib l7.'i; 

also 2 >r. Ohnn, lit, 'i'17.) 

To this is, ja'i’lnipH, related the hrown.red precipilale which Iodine 
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dissolved in alcohol forms with the salts of quinine, cinclioiiino, niovplutic, 

strychnine, atropine, voratrine, emetine, &c. .11 1 , c 

Tincture of Bromine also forms a yellow precii?itate witli tlio salts ot 

quinine, strychnine, and veratrine. _ 1 1 1 

Aqueous Iodic acid or aqueous Terdiloride of Iodine, added drop by 
drop and in excess to an alkaloid-salt dissolved in water, or bottor lU 
alcohol, precipitates an acid iodate of the alkaloid. The iodic acid nnisfc 
be dissolved in a sufficient quantity of water to prevent its procipitUitioii 
by tho alcohol of the alkaloid solution; in the case of chloride of iodino, 
which is less soluble, this condition is spontaneously fulfilled. In this 
manner, the salts of cinclionine and quinine give precipitates, whou 
dissolved in some thousand parts of alcohol; tlioso of tlio otlior lixou 
alkaloids are precipitated when the solutions are more concGutratcd, but 
the salts of morphine decompose iodie acid witliout separation of iodiuo. 
—The precipitated aeid iodate of the alkaloid is colourle.9S and non¬ 
crystalline; deflagrates strongly, and witliout leaving charcoal, wdicn 
heated, after drying, to a temperature between 115° and 120°, and often 
likewise by trituration; when exposed to tho air it slowly turn.9 brown. 
—The neutral iodates of the alkaloids are crystalline, colourless, aiul 
much more soluble in water and alcohol than the ii.cid iodatos; when 
heated, they fuse partially, and, after a while, detonate slightly but 
suddenly, with evolution of iodino and formation of a bulky charcoal; 
they inay bo also made to detonate by percussion, but not so strongly as 
the acid iodates.—Aqueous sulphurous acid separates tho iodine i'roni 
^em. (ScruUas, Ann. Ohim. Pkt/s. 45, 68; also Poffff, 20, 315.— Arm. 
Ckm. Phy$. 45 , 274: also .1. chini. ndd, 6, 513.)—Coniino dissolved in 
alcohol is also precipitated by iodio acid. 


The salts of the alkaloids, and in somo cases also tlio nquoous and 
alMholic solutions of the pure alkaloids, form with sovoral salts of tho 
noble metols, sparingly soluble precipitates, which are somotiinca coin- 

IT* u with the metallic salt; sometimes of tho salt of 

tbetukaloid with the metallic salt. 

tn Corrosive Sublimate added to the solutions of tho alkalouls 

^y roc one or other acids, or in some cases merely in watoi-, forma 
teTa a or curdy precipitatos, which generally contain 1 At. alkaloid 

mercury; viz., with aniline, 3HgCl; with 
wiA sinnamine, 2HgCl; with thiosinnamino, illgCl; 

^^»^pioohnc, and nicotine (iHgCl); also with uapbthaliclani, 
WpUMae. lad brucine, strychnine, veratrino, 

stopmipiiM, “(Sifwi afs;' ,c ’’“"“'"J 

m water and alcohol. ^ massos, they dissolve but sparingly 

mCt^r/*their alkaloids enter into 

sMme^curyZirrotassium ®''®n 

**«i*FeMpitatM which annen 'll white, pulverulent, 

‘o/vlS oftzr fcf > 

*«W«(M»d*moomDos!tinr>tn*i , P?®‘pdate formed with tetro- 
m. ^ also Sekw. 59 , 105; also 

: but . few of the alkaloids. The preci- 
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jiitiito obtainod with alooliolio solution of Htrycluiino and iiitniU!_ id'«ilvj!i', 
<!oii.si.sta of 1 At. styoliniiu', 1 At. oxido of silvor, and I At. nitrin acidj 
it may, tUoi'ufiU'O, bo rogardod as uitnito of Hti-yolminu, in which tho 
iff), noeoswuy to tho oonatitiition of tho salt, is I'oiilaocd by Agd), or 
II by Ag.— Mothylaniino, othylaniino, and amyiamini', iiroc.iiiitato 
oxido of silver, and rQdi.saolvo it in ox(;i'b.s, liko aininonia. (\V'iirtz.) 

A(£Uoohs Tevchloride of Unld imA its coniiiomid witli elilorido (if sodiiiin, 
form witli salts of piooUno, animino, olanino, niontiao, ooniino,_ ijai- 
iiiiio, oinchonino, boboorino, oorydalino, atropino, morphino, dolidiinmo, 
and omotino, yellow jiroeipitatoa, inclinbig to brown, rod, or groon, very 
slightly soluble in water, easily solublo in alcohol, but iusoluldu in othorj 
thoy appear to bo ooniponuds of torohlorido of gold with tho alkaloid. 
Tho procipitato formod by inoridiino soon turns bluish and violet from 
roductloii of gold. (C'owip. Laroequo & Thihiorj'O, J. Mui. vu’d. 18, (did.) 
Solution of othyl-anilino yields with torohlorido of gold a yellow oily 
lirooipitato, easily docomposed. Ghlovido of totrothylium forms a lomun- 
yollow proeipitato, whoso formnla is (0'lP/N(d,Autil', (llofniann.) 

Aqueous dikhlovide of rialinvm. prccipitiilcH tho sal ts_ of nearly all 
alkaloids, but not thoso of soluuino. 'J’ho voHow prcoiiiitiilc, which 
is BoiiiGtiinoH crysLallo-grannlar, somolimos pnlvi'rnlont, I'onlaiiiH, so far 
as it baa yut boon oxaniinod, 1 At. of hydroohlorato of the alkaloid, and 
1 At. iHCb; in tho caso of sinnamino only, iho prociidlalo appears to 
Iiaro a dillciront composition, supiiosing that alkaloid to contnin Htl. 
Some of tho oompouud ammouia-saUs of bichloridu of platinum, form 
largo orystals of groat beauty and regularity, c, </., tho Irietliylamiiio 
and totrathyrmm salts. (Hofmann.) 

Protoohlondc (f I'allitdiam. and Jlichlorldi: of Iridium also pr('oipi« 
tato tho salts of curtain alkaloids. 

Many organic acids and thoir coiupouuds with alkalis, also proeipitato 
tho saltfi of oortaiu alkaloids. 

Hulji/iocyanida of PoUmium precipitates tho salts of eiuc.houlivo, 
qniniiio, boboorino, strychnine, brucine, morphino, e.odeino, narcotino, 
voratriiio, dolphinino, and omotino. Sovoral of thoso proei])ituLos are 
aoicnhir, othors curdy; thoy dissidvo when tho aipioons nii.\turo is 
lioatod, and soiiarato out again as it cools; hot alcohol CorniH with thoni 
a bittin' solution, whiidi roddous ferric salts, [Comp, Artus, pr, dhrm, 
8 , a.i.dj 0. Ilonry, ■/. Phurm. 2-1, I ti l.) 

Oxalic ucitl and o.valato of potash priioipitato tho sall'i of cinchonine, 
quiuiiio, and stryehuino. 

I'iarir, add procipitati's either tho sails or (ho iilcoholic solnlions of 
many alkaloids, forming lloc.culont or )nilvornlcnt yellow |ircclpitnlcs. 

Tannic add, (tannin of nnt-galls), and also tho infusion or limdnro of 
galls (tho latter, howovor, is loss adaiilcd to tho piuposc, Iicciiuho tho 
alcohol which it contains oxorts a solveul action on tho prccijiitale), jire- 
eipilato the salts of many alkaloids, and apparently of all, viz., those of 
nnilino, nicotine, coniino, sinnamino, cinchonine, '(piinine, cinchovatine, 
oorydalino, aconitine, atropine, morphine, codeine, narcolino, coiaruino, 
/ narcoiiio, strychniuo, brucino, sutanino, caircine, thoohromine, (diclidoiiiiie, 
/ sanguitinrino, voratrino, dolphinino, and omotino. As tho jirocipilalc is 
Holniilo in acids, an oxco.ss of acid in tho salt prevents tho precipitation. 

A (Wacktuirodcr, N. Hr. A rr/i. 28, .'i-l.) 

lhd'i.U '0 prc.c.ipltcling tho sidutiou of (ho alkaloid i-alt with tannic acid, 
it is propor to add to it a drop or two of sniphnric acid. .Ml lln-e pro- 
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cipitates are r.Mte, curdy, and dry up to a f 

Leated, fuses into a brown resinous mass, flexible nmnodmtoly altov 

cooling, but afterwards becoming brittle and friable. Tlioy contain, at 

least in the case of cinchonine, quinine, strychnine, and bruciiio, 2 At. 

tannic acid (8uppo8ed=C'«H«0>»), to 1 At. of tho alkaloid.—If the pre¬ 
cipitate, at lea.st with quinine and cinchonine, bo enclosed ''■''bilo ypf 
moist, in atmospheric oxygen, it becomes, for tho most part, soluble in 
water in tho course of a few weeks, doubtless by tho conversion of tho 
tannic acid into gallic acid; for tho solution gives a blue colour with 
ferric salts. The precipitate is decomposed by many inorgaiiio bases, 
which abstract tbe tannic acid and set the alkaloid froo; ainmonia, pot¬ 
ash, and soda, however, generally dissolve the whole of it. If tho pre¬ 
cipitate be made into a paste with baryta, lime, or magnesia, and a small 
quantity of water, it becomes green or bluish from clccoinj^ositioii oi tho 
tannic acid, and after drying, the alkaloid may bo oxtractod in its 
Original state by boiling alcohol. The liydratcd oxides of antimony, 
tin, lead, and iron, extract the tannic acid, and tho alkaloid may thou bo 
dissolved out by alcohol. The salts of these four oxides act in a similar 
manner, forming a soluble salt of the alkaloid, but tho free acid con¬ 
tained in them may hold a portion of the taniiato in solution. Lastly, 
the tannic acid may also be withdrawn by glue and moist pavclimeutj 
the latter, however, soon ceases to act. The precipitated tannatos aro 
nearly unsoluble in cold water, but dissolve sparingly in hot water, tlio 
solution becoming turbid as it cools, and a brown resinous film boiiig 
formed upon it. They dissolve in some dilute acids; also in alcohol, 
and at a boiling heat in spirit of 28’ Bm.; tho solution reddens litnuis 
strongly, tastes rather rough than bitter, and does not yield crystals 
on evaporation. (0. Henry, J. Pharm. 21, 212.) 

Gallic acid docs not precipitate the salts of tho .alkaloids. 

The composition of most of tho non-oxygenated alkaloids is such, 
that they may be resided, either (o), as compounds of mioloi, in which 
1 or 2H is replaced by 1 or 2N, with 2H, (Gm,); or (&), as nuclei, con¬ 
taining 1 Ad in place of IH, (Laurent); or (c), as copulated compounds 
of ammonia with an organic compound not known in tbo separato state, 
to which view Berzelius gives tbe preference. Tbo following tables 
exhibit these several modes of viewing the composition of the alkaloids: 

Empirical . ^ , 

Formula. a b c I'nmnry 


Aniline. 12 7 1 

Leucoline. 18 7 1 




a 



b 




c 

I'l-imnry 


C H N. 11 


c 

11 Ad 


C 

H Am 

Nucleus. 


10 

5 1, 2 

= 

10 

5 

1 

:= 

10 

4 1 ... 

... 10 

0 

— 

12 

5 1, 2 

1= 

12 

5 

1 


12 

4 1 .... 

... 12 

6 


18 

5 1, 2 

*=; 

18 

5 

1 

= 

18 

4 1 .... 

... 18 

G 

— 

14 

7 1, 2 

s= 

U 

7 

1 


14 

0 1 .... 

... 14 

8 


10 

15 1, 2 


16 

1.5 

1 

as 

10 

14 1 .... 

... IG 

10 

— 

20 

7 1, 2 

= 

20 

7 

1 

= 

20 

6 1 .... 

... 20 

8 


10 

3 1, 2 


10 

5 

1 

= 

10 

3 1 . 

... 10 

4(?) 


I w •iniarino=C«H>«N= and 

^ «®"tains 2N, satu- 

r nucleus C'HP, which 

taken three times gives C“H'®; according to fa'), wo obtain the nerfeotlv 

V'* (^) givSvHHAdToo tirt s 

m to (c) the formula is 

O H Am.-Sinnamino, 0»H«N», may be regarded, according to (a), as 
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C’H^CyNjI-P (nucloiis=6 : 6); Tliiosinnaraine, G"H®N^S^ as C“H* (CyS-) 
Ad,Lr- (nuoleus=6 : 6); and Sinapoline, as C^ffCyAdOy-r- 

(nucleus= 12 ; 12); the formulae of the last two alkaloids, howovor, are so 
far doubtful, that the nitrogen in their nuclei exists, not as such, but in 
the form of cyanogen and amidogen. Melamine, C’H'’N“, is probably 
C‘'Ad“N^,H'“ (nucleus=6 ; G). 

T The alkaloids in the preceding table may, of course, be ropro- 
sonted in a form similar to those already given for the bases discovered 
by Wurtz and Hofmann, c. f/., 

I-I'l H 1 

Nicotino= H Nj Tolnidinc= H JN, &c. 

On the other hand, the compound-ammonias containing the alcohol- 
radicals, may be exhibited in the form c; thus Methylamiue=(C-IP), 
NFP; Bthylamine=(C‘H^),NH^; Bimcthylamin6=(C'^H=)»,NtP; Metiiyl- 
othylamino=(C^hP)(C‘I-I^),NhP; Triauiylamiuc=(C"’H“’)’,NH®; Tetre- 
thylium=(C‘H“)^,NH'‘. The forms a and h cannot well be adapted to 
these bases, inasmuch as they would make no distinction between those 
which are isomeric with each other, such as cthylamine and dimo- 
thylumine, mothylethylamino and propylamine, which are quite distinct 
from one another in origin and properties, and give different products of 
decomposition. Similar isomoric relations exist also botwoon some of 
these bases and other alkaloids, previously known and obtained from 
totally different sources; thus inethylaniliue is isomoric with toluidino, 
and mothylothylanilino with cumidino; but these isomoric substances 
exhibit the most striking dissimilarity in their characters. This may, 
perhaps, be taken as a proof that the forms a and h are not true repre¬ 
sentatives of any of the alkaloids, as tliere can bo little doubt that all 
these bodies are similarly constituted. IT 

Considering the uncertainty wbioli still exists respecting the consti¬ 
tution of most of the oxygenated alkaloids, it may suffice to oxbibit tbo 


composition of 
table: 

a few of those which 

are host known, 

as in the following 

Emijirical formula. 

According to n. 

Nucleus. 


C H N 0 

C H N 0, H 



Caffeine . 

1(1 10 4 4 . 

1C 8 4 4, 2 

. 16 

16 

Furfui'inc . 

30 12 2 G . 

30 10 2 (i, 2 

. 30 

18 

Cinchonine. 

20 12 1 1 . 

20 10 I 1, 2 

. 20 

12 

Quiiiiiio . 

20 11 1 2 . 

20 9 1 2, 2 

. 20 

12 

Morphine . 

36 10 1 6 . 

36 17 1 6, 2 

. 36 

24 

Codeine . 

3G 20 1 .G . 

36 18 1 .G, 2 

. 36 

24 

Narcotine . 

40 25 1 14 . 

46 23 1 14, 2 

. 46 

38 

CotarninB . 

21) 13 1 G . 

26 11 1 6, 2 

. 26 

18 

Stryclmino. 

44 22 2 4 . 

44 20 2 4, 2 

. 44 

2Gp) 

Tii-uoino . 

48 2G 2 8 . 

48 24 2 8, 2 

. 48 

34P) 


Wo must not omit to notice, tlint for uroa, GHPN“0*, supposing it 
to belong to the organic alkaloids, the theory (a) cannot bo satisfactorily 
carried out; in the formula G®Ad’,0^, we find 20 outside the nucleus 
instead of 2H; the formula, C^NAdO’,H*, requires a nuolens=2 : 4, and 
C“IPN“0“,1P, a nucleus=2 : 6, whoso existence is very doubtful. But 
urea is also distinguished from the true alkaloids by many other properties. 

Berzelius [J. pr. Chem. 23, 231 ; Lelirh. 6, 269), reg.ards the alkaloids 
as copulated compounds of ammonia with an organic compouud, in which 
the ammonia retains its basic properties. If 1 At. of an alkaloid contains 
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cipitatBS ar6 white, curdy, and dry up to a wliite powder, which, wliou 
heated, fuses into a brown resinous mass, floxiblo iniinediatoly aftoi" 
cooling, but afterwards becoming brittle and friable. They contain, at 
least in the case of cinchonine, quinine, strychnine, and hrucino, 2 At. 
tannic acid (supposed to 1 At. of tho alkaloid. If tlio 

cipitate, at least with quinine and cinchonine, bo onclossod while yet 
moist, in atmospheric oxygen, it becomes, for tho most jjart, soluble in 
water in tho course of a few weeks, doubtless by tho conversion of tho 
tannic acid into gallic acidj for the solution gives a blue colour ndth 
ferric salts. The precijjitate is decomposed by many inorganic bases, 
which abstract the tannic acid and set the alkaloid free; ammonia, j)ot- 
ash, and soda, however, generally dissolve the whole of it. If tho pro- 
cipitate be made into a paste with baryta, lime, or magnesia, and a small 
quantity of water, it becomes green or bluish from decomposition of tho 
tannic acid, and after drying, the alkaloid may bo extracted in ita 
Original state by boiling alcohol. The hydrated oxides of antimony, 
tin, lead, and iron, extract the tannic acid, and tho alkaloid may then bo 
dissolved out by alcohol. The salts of these four oxides act in a similar 
manner, forming a soluble salt of the alkaloid, but tho free acid con¬ 
tained in them may hold a portion of the tannato in solution. Lastly, 
the tannic acid may also he withdrawn by gluo and moist parchmentj 
the latter, however, soon ceases to act. The precii)itatcd tamiatos ai’o 
nearly unsoluble in cold water, but dissolve sparingly in hot wsttor, tho 
solution becoming turbid as it cools, and a brown resinous film being 
formed upon it. They dissolve in some dilute acids; also in alcohol, 
and at a ooiliug heat in spirit of 28“ Bm.; tho solution roddous litmus 
strongly, tastes rather rough than hitter, and does not yield crystals 
on evaporation. (0. Henry, J. Pharm. 21, 212.) 

Gallic acid does not preeijntate tho salts of the alkaloids. 


The composition of most of the non-oxygenatecl alkaloids is sucli, 
that they may be regarded, either {a), iis compounds of nuclei, in which 
1 or 2H is replaced by 1 or 2N, with 2H, (Gm.); or (6), us nncloi, con¬ 
taining 1 Ad in place of IH, (Laurent); or (c), as copulated eomjioumls 
of am^monia with an organic compound not known in tho separate state, 
to which view Berzelius gives the preference. Tho following tables 
exhibit those several modes of viewing the composition of tho alkaloids : 


Empirical 
Formula. 
C H N 

Nicotine . 10 7 1 

Aniline. 12 71 

Leucoline. 18 7 1 

Toluidii.e. 14 91 

Coniine . 16 17 1 = 

Naplithalidam. 20 9 1 = 

Seminaphthalidam 10 5 1 = 


C H N, 11 
10 5 1, 2 
12 5 1 , 2 
18 5 I, 2 
14 7 1, 2 
16 15 1 , 2 
20 7 1, 2 
10 3 1, 2 


c 

b 

H Ad 


c 

c 

n Am 

Primmy 

Nuclons. 

10 

5 

1 


10 

41 ... 

.... 10 

0 

12 

5 1 


12 

4 1 .... 

.... 12 

6 

18 

5 

1 

=; 

18 

4 1 .... 

.... 18 

6 

14 

7 

1 


14 

« 1 .... 

.... 14 

8 

10 

15 

1 


IG 

14 1 .... 

.... 10 10 

20 

7 

1 

= 

20 

6 1 .... 

.... 20 

8 

10 

5 

1 

=: 

10 

3 1 . 

... 10 4(?) 


2N; r jr.. amarineand 
rate but! At acid a ^ o-lflmugh it contains 2N, satu- 

^ teee timrgte.s C™ LoXv’which 

analoOTUs formula, but (5)^elves 

is 'a defitsifiTiftv nf oM in i'l. ^ ^ ^ (_» H Ad ^ so that tlioro 

C"H“Ain*.---linnainine is 

Am.-fimnamme, CH»N», maybe regarded, according to (a), as 
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IH7 


C'lI'CyNJP (nuolniiM=0 : 0); Thioaliinaiiiino, C“H"N’S', iw Oni* (OyS^ 
Ad,11“ (iiii(;laua=(! : (i); aud Sinaixilino, G“II‘“N“()“ iw C'“Il"OyAdO“,n“ 
(niudou.s— 12 : 12 )j thu forinulio of (.ho laat (;w'o iilhaliiid.a, lonvovcr, lU'o no 
fiu- doidiLful, Unit tliu iiitvogon in thoir iinoloi oxiHta, not iih «ui*.h, Imt i« 
tlio Covin of oyanogou aud aiuulojjou. Moliimiuo, O'lPN", Ih pvolialdy 
C'AdAVyP (imclou.s^G : ti). 

If Tlio alkaloidn in tho ]ivoooding taldo may, of conrao, ho rnpro- 
Hontod in a form .siinilav to thoao already givon for tho Iiuhoh diaoovoi'oil 
by 'Wurti! and llofmaiin, e. //., 


11 ] 11 ) 

Nicotino= H N: Toluidiiio= H [N, &«. 

C'"IPj _ C'Mrl 

On tho othor hand, tho compoiind-ninmoiiiaH containing tho alinihol- 
railioalN, may bo oxbibitod in tho form c; thus Mothy!aminnr.~C('.'’l P), 
Nl-Pj ELhytaminu=(C'‘I[''),N IP; Dimothylamiiio=; (C“IIOlNIP; Alolhyl- 
otliylamiiio=:(C“[r“)(0‘ll'‘),NIP; Trlaniylaniino=(0'"J l'")“,N IP; 'I'otvo- 
tliyliiim=:(C'‘IP)‘,N]I'‘. Tho forum it and b cannot 'veil bo adapted to 
thoNo baHo.s, inaHmiioh uh thoy would mako no diNtinotlon botivoon tlnwo 
which avo iHoinovic. with iiach ot.hor, nuoh im otliylamino and <limo. 
(hylamino, motliylothylamiuo and propylainiiio, whi(di arc i[nito dintinct 
from 000 anothur in origin and propi'CtioN, and giro ilillbi'ont proilncln of 
doconipoHition. Similar iHomoric I'olalioiiH ('.Vint al.No hutwi\oa Homo of 
llu'Ho hiiHoN anil oihrr a.n<nloid.M, jirovloiiHly known and oblniimd from 
totally dilVovonC houvcoh; tlum mnthyhinilino ia iHomovio with tolnidino, 
and nuithylothylanilino with (minidino; but (hoiio iHoimivic Hiil>Htanco.N 
oxliihlt the mimt hI viking dinHlmilnrity in thoir l•lnlrar.torH. TIuh may, 
])(irha))>i, bo taUon an a proof that tho forniH a and l> ai'o not Irno rrpro- 
HontativoH of any of the aikaloida, iih tlmro ran bo littlo doubt that all 
thi'HO hodicN are Himilarly (‘.ouHtitutod, 11 


Coimidoi'iiig tho uncortainty which hUII o-viatH ronpocting tlio ooimli* 
tntion of niOHt of tho oxygcnalod alknlohlM, it may hiiIHco to oxhibit the 
comiionition of a fow of tlioHo which am lamt known, im in tho following 
tablo : 



tCiiiliirlrnl rnrmnln, 

('. It N 0 

Acrimlirifi; lo n. 

C 11 N (), tl 

Nuriciw. 

(’.iinviiic.... 

. k; 

10 ■( 

‘1 

] (! HI 

■1, '2 

10 

10 

Kmfiu'inr 

. ;!() 

12 2 

(i 

.'10 III 2 

0, '2 

110 

IH 


. 2(1 

12 1 

1 

20 1(1 1 

1. 2 

20 

12 

Uiiinliic .... 

. 20 

11 1 

«> 

20 1) 1 

»> »> 

20 

12 

Morpliind 


10 1 

(i 

(to 17 1 

0, '2 

no 

21 

(iiiilcinn .... 

. ;i(i 

20 1 

0 

.'Hi IH 1 

.0, 2 

no 

2t 

Nnrculiiic 


ori 1 

u 

'10 2:i 1 

M, '2 

•to 

;m 

Cotuniiiiu 


i:i 1 

(1 

20 U 1 

li. '2 

2(i 

IH 

Slryclmiiui 


22 2 

■1 

•H 20 2 

•1. 2 

■M 


Drurliiu .... 

. 'IH 

20 2 

H 

•IH 21 2 

H. 2 

•IH 



Wo niUHt not omit to notieo, tlmt for urea, CPIPN”!)’, HiippoHing it 
to holong to tho organic alkaloids, tho tlicory (a) cannot ho HatiHfat'.torlly 
carriud oat; in tho formula G'^Ad^fP, wo "(Ind 20 ontHido the miclcUH 
inHtrail of 211; tho formula, G’NAiUPiH*, rmpiiroH a nnolmiH - 2 : 'I, and 
C“ir“N“0''',Il“, a nuoloim=2 : 0, wIiobo oxiHtcimo w very dmilitl'nl. Hot 
iircaiH iiIho diHtingaiHhod from tlio true ulkaloidH hy many othor iiriiporlii'H, 
llnrr.ormH (,f. pr. 6Vichi. 2!1, 2;VI j Lrlirh. (!, 2tii)), rogavdM the iilltoloiilH 
an copulalod cmuponndH of ummouia with an orgunio cnnipiuiml, in whicli 
tlio ammonia vrtain.H ilH IniHir. proportio.N. If I At. of an iillviiloid conlaiiiM 
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j)iore than 1 At. nitrogcUj the excess heloiigs to the organic compound 
Ihisview is supported by the similarity of the auimoniacal and alka- 
loidal salts, witli regard to the water wliich they contain, and by the fad 
that most alkaloids contain only 1 At. nitrogen. On the other hand, il 
IS remarkable that the alkaloids, although, like other azotized substances 
they give oft ammonia when subjected to dry distillation, yot cxlubit nc 
signs of containing that substance ready formed. They do not give of! 
ammonia when boiled with aq,ueous potash, and iu many cases not over 
when fused with hydrate of potash; neither is ammonia extracted frmr 
them by dilute acids acting in excess and with the aid of heat. Wher 
ehlorine-watcr is added to a saturated aqueous solution of coniine, not a 
trace of nitrogen is evolved even on heating the liquid; but if a few 
drops of aimuonia bo added, nitrogen i.s immediately given off. (0, 
Henry.) When strychnine, brucine, and other natural alkaloids, arc 
decomposed by niti’ic acid, no nitrate of ammonia is found in the residue, 
(Liebig,^ Poffg. 21, 27.) When cyanate of silver is decomposed by nitrate 
of quinine, stryebnino, morphine, atropine, &c., the liquid containing 
the cyauate of the alkaloid yields no urea when filtered from the chloride 
of silver and evaporated, but gives off carbonate of ammonia from 
decomposition qf the cyanic acid, and leaves the alkaloid hehincl 
(Liebig, Ann. Pharm. 6, 73.) We must, however, agree rvith Berzelius 
m not attaching any great importance to the last-mentioned exporinieut, 
inasmuch as the ammonia may be too intimately united with its copula, 
to be converted into urea in conjunction with the cyanic acid. 

These oiccunastauces, which render improliablo the existence of ready- 
fomed ammonia in the alkaloids, axe likewise unfavourable to Laurent’s 
supposition {Oompt. me7istiels, 1, 41), that they contain iimidogon. 
inasmuch as the true amides, when treated with potash or with acids, 
yield ammonia with dccompo.sition of water; it is, in fact, precisely hj 
this circumstance, that furfaramido, which is not a base, is distiuguishcil 
iroru fiuTurino, which is isomeric with it. 

[For a iiarticular view of the constilution of the alkaloids, viil Couerbe, Ann. Chim. 
Phys. 56, 185.) 


»intiniony-bases, viz., Stihmethyl, (C“lP)^Sb, Stibotliyl 
^ Stihamyl (C”'H‘')’,Sh, and the oomponudg Stibmetliyliuii 

Stibethylium (CfiH‘)*,Sb, may also be regarded as alkaloid 
and metalloids belonging to the types of ammonia and ammonium, am 
oorrespouchng respectively to triethylaraine, tetrethylium, &o. — Thi 
compounds containing 3 atopis of the alcohol-radicals are obtained 
istilhng the iodides of methyl, &C., with sutinionide of potassium 
yiey are volatile liquids, having remarkably strong combining ten 
dcncies, uniting at ordinary temperatures with oxygon, sulphur, seloniuni 
chlorine, iodine, &o, the act of combination being attended with consi 
derablo evolution of heat, suflSciont in some cases to produce vivid com 
bastion; thus, stibmothyl and stibethyl take fire by more contact wit! 
the air.--The compounds containing 4 At. of the radicals have not ye 
been obtained in the scp.aratc state, but their iodides and bromides an 
obtained by the action of iodide or bromide of methyl or ethyl on stib 

‘«trethylium is formed by the action o 
iodide of ethyl on triethylamine. Of these compounds, stibmethylium ii 
one which has hitherto been most minutely examined. It forms i 
hydratedox.de, CC;H»)‘NO-bHO, which, like the hydrated oxTclT o 
“ 7^'*® Ofystelline mass, having a highly caustic, alka 
line taste, and analogoas in all its relations to caustic potash, expellinj 



ETlIKnS. 


niiniioiila, and ovon bai'jyta and linio, oa well an all llm lu'avy nndallio 
oxidoH, from tludr eoiulnnationH. Jta chloridi', iodiik*, bnniiiili', unliitiiili', 


nitmto, &o., avo protiianly analogona to tbn cuvrctiiuinding iinnitimiiim- 
coinponndH,—An iiidido nf Stibnuitliylulhyliinn, 

lilcuu'iHi! bwni obtainod by tmiting Mtibniothyl witli iodiilc tif i-lliyl. 
Biflinotliyl, (C']!")'']}!, (ditainnil by tTOiting indidi! nf (dliyl 'villi liiMtniilli- 
jxdiiKMiuni, ia luintlioi' baan Imlnnging to llin luninonia ty|>i', anil iiiiwcMHiiiK 
aiinilnr cliaractni’N to Htibolltyl,- Tbo i>hoHi>hovua bano, (t!'’!!'')'!') likowiM* 


bulling to tbo eanu) typo. IT 


1. Compounds of Nuclei inth Ifpdroijen and Oo'yijoi in n/unl iiuiithers 

of atoms. 

n. Compounds of Nuclei with 1 At. Hi/iliwjrn and I At, O.ri/pen, 

Etlioi's. 

Tlio low umuiimuulH of (Urn malcr at jii’oai'til, Unoa ii (o ovi 'l, iii'o pm 
diicud by boating tlui iilooludH uilli Hub.olaiiooH wliioli liiivo a (•truin' 
attniotioii for rriilor, ('oiiocially witli nil of vilrinl. 'riiooo i.iib'litnoi‘« 
witlidniw liydrogon and oxygon from llio aloobol, lunl lln'ollinr di'ilibi 
ovtu'. .TIuih, \vood-o]iirit or inolliylio iiloolml, C'llbll Db .viold'> iiiotlivlii* 
otbov, (Idl^, 11 (), and ooniimoi idoolml, (''ll'.ll'tl', yioldo oomunni oilior, 
Ainylio ollior, (;"'1I‘",I1(), in jiiodiirod in tbo diToniiinwitioii Ilf 
clilorido of iiiiiyl by jiotiinli: 

t'."'U'MU:l i K(» (;“'ll'MIO I KCl, 

'riiOMi uouipuniidw may alno bo oxiircMaod by llm forntnlit': C’HO.IIb 
—C‘fI''(),irb—and t'’i (t modo of vii'wing tlioir I'liinpoaitinn wblidi 

Ih ruoimnnondod by ninny nf llioir roac.tlonH, 

In tbo nulioal tlioory, tbo otbora arn rogiirdod iin f’lI'.O. C'lr.O, 
C"'II‘',(), I'cc., that la to way, aa oxidoa of tbo niotalbddal rndioiilM, nirtbv’l, 
C’'!i\ utbyl, C'UC', and amyl, 

(Jorliai'dt and otboi'H donblo tbn aloniin wnigliln of tlio-io roaijniandti, 
writing, for o,\ii,ni|iki, tbo forniida of coniinon olbor, wi ao got 

rid of iinovoa iinniborH of atoniH and obinin a dialoinio ru i; fiir('‘irt) 
Would give a monatoiiiio. gini (p. .'il). 'I’liin vioiv, linwovor, dn'-i imt 
lU'o.ord wilb Ibo low boiling poiatH of tbo oliu'rn, or wilb tbo onoatin Isinro 
tliat ('onmioa otbor, for oxaiii|ilo (imbooi it bo Hiibjooiod to a i« ‘l Inal). 
dooN not yield any prodiiot of doiannjiojiition I'outniiiing nmro tliaii 1 At. 
carbon. 
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With ililmiiio nml ruliiloir.,.. CMr'fl.SO C'lr-'ft'^.llO ( 'III mo.It 
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loiclal salts, witli7eeard to^hel-ff * ’® ammoniacal and alka- 

IS reniai'kable that the ik uf*' ^n the other hand, it 

t iey give off ammonia? ’’“='°<^>zed substances, 

«'g«s of containinr ka^ distillation, yet exhibit no 

ammonia when boiled with - mady formed. They do not giro off 
^Imn fused with hydrate V in many cases not oven 

them by dilute acids aotinii^^t ^’ neither is ammonia extracted from 
chlorine-water is added to ? f®i '^'d When 

traoo of nitrogen is evoked ova aqueous solution of coniine, not a 
drops of ammonia be aSd n but if a few 

Henry.) ^ken strychnine h™ ^®" 'f ^mediately given off. (0. 
decomposed by nitrickcid no mqrAr’/"‘^ alkaloids, are 

(Liebig, Po^ry, 21, 27.) Wken cvanfli°^ ammonia is found in the residue, 
of quinine, strychnine mornhinA r ^ decomposed by nitrate 

Hie cyanate of the alksdoid *c-> Hie liquid containing 

f eil ver and evaporated bn 1"" 

decomposition qf the cyanic “f carbonate of ammonia from 

Jnn. PAarm Q ^73 \ W^' alkaloid behind, 

m not attaching any great imnorVAnA^’T^v^^T®''®'’' Berzelius 

inasmuch as the anfmont mThe ^ 1‘^H-inentioned experiment, 
to be converted into urea in '“*™ately united with its copula, 

„ These ciroumstanL wkiAp"“f’®? f^Hd. ^ ’ 

formed ammonia in the alkaloida^”frexistence of ready- 
eupposition (ffompt. mSS i a \ T,'"! to Lauronfs 

inasmuch as the true amides when contain amidogen, 

yield ammonia with deoompokion 0 /^'th acids, 
this circumstance, that furforamide precisely by 

from furfurine, which is isomeric with it'^^ distinguished 

sr “ c„*, «. 


and inVrj^; h^fen^^^ IKS’of^r"® ^e^^g-leTrSZ 
oiresponding respectively to tripthvl and ammonium, and 

oqmpoupds containing 3 atoms of K T &c, - The 

^stilling thp iodides of methyl are obtained by 
They are volatile liquids, havW taa, of potassium, 

dencies, uniting at ordinary tempemtnr^'vn^^^ combining ten- 

derable evolution of heat, sufficieuk'n “Attended with consi- 
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fedidA ”‘tl® 1 just as tetrethylium is 
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ammonia, and even baryta and lime, as well as all the heavy metallic 
oxides, from their combinations. Its chloride, iodide, bromide, sulphate, 
nitrate, Sec., are precisely analogous to the corresponding ammonium- 
compounds.—An iodide of Stibniethylethylium, (C®H^)'*(C''H®)Sb,I, has 
likewise been obtained by treating stibmethyl with iodide of ethyl.— 
Bismethyl, (C*H®)^Bi, obtained by treating iodide of ethyl with bismuth- 
potassium, is another base belonging to the ammonia-typo, and possessing 
similar characters to stibcthyl.—The phosphorus base, (C*H^)*P, likewise 
belong to the same type. IT 


b. Com 2 )ounds of Nuclei viilh Hydrogen and Oxygen in equal numbers 

of atoms. 

a. Compounds of Nuclei with \ At, Hydrogen and \ At. Oxygen. 


Ethers. 


The few compounds of this order at present known to exist, are pro¬ 
duced by heating tlio alcohols with substances which have a strong 
attraction fur water, especially with oil of vitriol. Those substances 
witlidraw hydrogen and oxygen from tho alcohol, and tho ether distils 
over.—Thus, wood-spirit or methylic alcohol, C“kP,I-P0'', yields mcthylic 
ether, C“I-P,HO, and common aloohol, C'‘H^,H“0-, yields common ether, 
C'‘H‘‘,HO. Amylic other, C"'ir“,IIO, is produced in tho decomposition of 
chloride of amyl by i)otash: 

C'»H>»,IIC1 + KO = C">I1>“,110 + KCl, 


These compounds may also bo expressed by the formuhoi C*HO,I-P, 
—C^I-PO,H“,—and C'‘’I-P,IP, a mode of viewing their comprosition which 
is rocommondod by many of their reactions. 

In tho radical theory, the cthors are regarded as C“H^,0,—C'‘I-P,0,— 
C'"H",0, &c., that is to say, as oxides of tho inotalluidal radicals, methyl, 
C»kP, ethyl, C‘HC', and amyl, 

Gerliardt and otiicrs double tho atomic weights of those compounds, 
writing, for example, tho formula of common other, so as to got 

rid of uneven numbers of atoms and obtain a diatomic gas; for C'‘I-1''’0 
would give a monatomic gas (p. 54). This view, however, docs not 
accord with tho low boiling points of the others, or with the clrcum.stanco 
that common ether, for example (unless it bo subjected to a rod heat), 
docs not yield any product of decomposition coutaining more than 4 At. 
carbon. 


Formula. 

Metbylio ether . CnPO =CnP.HO =02110,11= 

fCWClO =0=1101,110 =C21IO,HCl =0=010,112 

Chlorinated.(C^HCPO =C2CP,H0 =0=010,1101 

iC2CI»0 =02012.010 =02010,01= 

Common or Vinic Ether. Cni'O =C''Hi,lI0 =CiIl«0,lI= 

(onr'cio =C'>H'>ci,HO =ciH20,iici =ciii=oio,ii= 

With chlorine.(C'M»C120 =C-‘H=C12,II0 =C'I12CI0,IIC1 = C‘1101=0,11= 

(C'lClsO =C''H-<C10 =C'0120,C1= 

With chlorine and sulphur.... 0'11-''C1S0 = C''1I=C1S,1I0 = C'HC1S(),U= 

With sulphur . C'HW =C'H=H2,U0 =C‘nS20,U= 

Amylic ether . C“II>'0 =C'"I1'“,H0 =C‘'’J1"0,1P 
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types. 


denote certain componnds”Xtinffuished^bTtl^^^^ 

slight solubility in water&c Tnd taste, 

various acids, metallic chlorides’ &c Afternn ®''°ohol -with 

fusel-oil were discovered, the tern ether'T IT ^ood-spirit and 
mg compounds obtained by similar methnrt<f f correspond- 

nince, however, been found ZtilTtt J ! I* 

term ether must be divided aocoSLf?f ."l -*^^“® 

classes: ' acooidmg to their composition, into three 

ih.rS.H.t d'SeSt“»»*«> + ho. 

?Z“=™" ” »“■“ cVs„“iL'Srs 

as ethers of the first class, in which the 1 Jt °S®“'acid, may be regarded 
^ the radical of a hydroien add To 1 At. 

CPU'S,—C*H'I,--C*H‘C1 &o, • Etiin'c belong, for example, 

of the corresponding aulphui^comnounds Jq fffnre. The vapour 

ethers of the istclfss; but that oniUth^t? fi, 
diatomic. I formerly denoted tbesn oom ® bers of the second class is 
produced hy liydror/en-acids (NapMien dtrci 

oxygen-acids may be regarded Ts 7Smm^s ‘doohols by 

with an oxygon-acid, organic or inoriranic tho 
be in the hypothetically anhydrous ^stato • ®“PPosed to 

I formerly distinguished these compounds bv du tromime genre. 

IWornofer 

f the ethers explained in 

Chloncleof eihyl, ethylic chloride or hudrnci.f^^'^^ second clns.s; Cil-l'Cl = 

Itfor 'Iff';" “/ 

mtae or hydrobromic amyl-ether &.c of amyl, amvUc Irn 

;%«: "5 tCciH'Sv^Tr wif 1^“?;;'' 

ether: CWOSOa'nr ramH-Sf ~ O/" 

F"-=iap “ir.-- tHi 

=r"i 


Ai.ronai.s. 


s .* « 


TAfourlh pln«« is foi-mtHl by lli» wrniwuMa 
VVilliamBcm (p. 17), Uu> iuuiu'« iina funnulm wiueh.tti »■;. 
aro iw followH; 


ty 


(1) Tiircu-twlum ctlier. MclIijfUli* uf • (i -1 ’Jl’<i 

Kdiyl.atM.fMclliyl . ■ , , ‘ * 

(2) ,Six.nirl)im cllicr, Mflliyliilr .a Amyl, w Amy -I . u -I =15“* > 

lnl« of MKliyl .. , ‘ 

(;n Scvtin-ciirlioM rlliry, blliyUt.- of Amyl. ... _ ; ,t) ~ t ■'H = ‘0 

Amyliiti! (ifKlliyl.. <-n i 

According to tlio atiunio woi^'hlH n.loi.t.nl in tbl*. Haii.nM.i.k. 
jiound otlici'H iuuhI. bo I't'/'iiivb'il h-". btriuod frtuo « At. nf w<it«’r, 11 , t 

nil boiiig ropliiood by (liH'oroiit nulioiiU : tluw 


(1) ^Tetllyl«^t 1 Ilf Klliyl ■ (o|}» |t)'- t 

(2) Mclliylnlo of Amyl (m }{ii}*'' •l'' ll''<l’ 
(;i) Hlliyliiloof Amyl ,*,.'{ji'i}'>' t 


Tlio forniiilai G'’fr"n’.*, Ac., HHHiiuiliili’ tliiw. ci.iiijuiuii.l. (•> lb.' .tb 
mill in tliat liy,dii, (liny liavii iiulccil bci'ii ri'Kiti'b 'l bv "■hk’ 

(!liiiiilliiiiik «/ Oiynnii- fVo .rtcf.y, .'‘i.i ' "iil j* 1 

Accordiii/f In Willijuimoii'H iiniiilioti, liowcvcr, l‘ 

cdanH of otlioi'H, coiiuiioii I'tlicy liciiiy' in fiict j 


Ill V" liOllV !' 




‘■‘It r 
•''■fiiV 


ft. Compounds of A^uchi uitk n yl/. ItydvK'jrn und I Af 

Alcoholb. 


TIio truo (iIciduilH at proHont Itiiown to i'xi«l itrc ii» folli.ivA; 



CiMulrt t’oriioilii. 

1, 

.. 

V 


C U 

() 

C It, 11 <1 

t ll c 

, U t» 

'W’otKl-Riiint . 


2__ 

*1 »* •! •» 

2 1 

1 i 

Common Alroliol 

. .1 (1 

2 

2 1 V 2 

i t 

1 1 

lUilylio AIooliol 

. H 1(1 

2 

M M V V 


i \ 

Amyliii Alroliol . 


2 

10 in V 

l»ll 

; t 

Cn]iiyliu Alooliol 


2 

. Ill 1.; ;• 

!■. 1 . 

1 * 

Klliiil. 

. :v.! :n 

M 

.1' V 


; 1 

Cci'oliii . 


'» 

;»i :.t 

( . . 

t 

Mi'linain. 


M 

Till i.n j 

r-s ». 1 

; 1 

\V(iod-B)ih'it ia 

Tifodnc.cd by dry 

di'.ltllalioi): ci.iomoii nb -b. 

1, -i...! 


roiiUy alwo Inityli<i iiml atiiylin m 

id, by rcriofltlalooi. > if!i >1, 

f.'. Ii> 

4 ^ f 


Rjuinnacoti willi po(ai.li: caprylic nlcbol fr..in 
ChiiioBOAvax; and mcli«hiu fn.in wax, 

Kvnn i( tlio flr«t llii'ory Im ailopli il, it i.. iml tn rr-'i.u v t.« (!. >t 

Uui alcoliolH am oomiioinidfi of a iim bai. «iili 2 At 1...6 sl. a sl - 

2 At. Iiydm;.(>n ami 2 At. owp-it utim li tb.'iim. Iv... j. ff •• « . .• n 
rout parbi of tlio iiucIcuh, witlu.al iiuiliiuf in lit*- “-i r -- . 

It i.i oiily wlmn Hubidanci'M liaviiij' a ntliuitv Ims :• - 

Hnlplnii'ic. acid, plio^plioric acid, A-c.. aci ii|».ii (L. .n S. ■ >, ■.< ■ 
l\ydroy;on iiTid oxyy'oii ale ilinpo i'il t.. tinit.' -.ini {.»«,. ■ 

llnwo circiiiiiHlaMccH, noiiicliiiii-H I At, tixvj'*-ii uii4 l.i is .' : 

and tlici'o mniaiiiM an (jdicr, «omi'liinf.i’ 2 Hti ! li.t u-.,. t. . : i . ; -i: 
tlio froo atato. 
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TYPES. 


According to the radical theory, the alcohols are hydrates of the 
Compounds of methyl, ethyl, amyl, &c., with 1 At. 0. Thus, Wood-spirit 
liydrated oxide of methyl = C*H®0,H0; Alcohol = hydrated oxide of 
etliyP— q-ijjsOjHO; and Fuscl-oil=:hydrated oxicloof amyl=C'"H‘‘P)I'I9- 
ether dissolved in water does not form alcohol.—IT Williamson 


regards the alcohols as formed from water, jjo, by the substitution of 

pTT3 

1 At. methyl, ethyl, &c., for lAt. H; thus, wood-spirit= j.j- Oj alcohol 


- h£ ^ j fuscl-oil = jj 0- ^ 


By the comparatively feeble action of oxygen in various ways, many 
of the alcohols are deprir'od of 2 At. hydrogen and converted into 
irldides, e. g,, common alcohol into common aldehyde, C‘IT‘,0". In other 
cases, 2 At. oxygen likewi.se unite with the nucleus, and a monobasic 
sreid is produced.—In tliis manner, wood-spirit may bo convovtod into 
formic acid, alcohol into acetic acid, C‘U‘,0'j fiiscl-oil into 

■valerianic acid, C“II“,0'‘ j and cthal into ctlialic acid, C®'‘I1“,0'‘. 
Hydrate of potash acting upon the alcohols at high temporatiiros, also 
couvert.s them, with evolution of hydrogen, into the same acids 
<P- 134). 

The alcohols form with many hydrogon-aclds—the action being 
attended with separation of 2 At. water—a scries of ethereal compounds 
(otliera of the second class), which may be regarded as ethers in whicli 
1 At. oxygen is replaced by 1 At. of the radical of the liydrogon-aoid. 
TVitli oxygen-acids they form, either a similar scries of etlioreal com¬ 
pounds (ethers of the third class), or, with a double proportion of acid, a 
series of copulated acids. 


Doubtful Alcohols. 


c H Cl o c n Cl0,11 o c IT Cl o, n o 

Acetone. 0 0 2 = 0 4 22=0,') 1 li 1 

Mesitie Choral. 0 4 2 2 = 0 2 2 2 2 = 0 .0 2 1 .'i 1 

Ilydracliinone . 12 0 4 = 12 4 2 2 2 = 12 .'i 0 .'1 1 

Chlorliyilrocliiiioiie .... 12 .0 1 4 = 13 3 1 2 2 = 12 2 1 3 3 1 

Suligenin . 14 8 4 = 14 0 2 2 2 = 14 0 3 3 1 

Chloiosaligenin. 14 7 1 4 = 14 5 1 2 2 = 14 4 1 3 3 1 


"With regard to acetone and mesitie chloral, it is very doubtful wliothor 
thoyr hclong to this typo {vid. Ketones)] tlic rest ol tho ahovo-namod 
compounds deserve more particular examination with respect to their 
nleoholio character.—-The following comirounds may jicrhaps also bo 
ednasod in the same category: 'J’urpeiitine-camphor, 

Mi Ik-an gar, = C-‘H'®0'®,I-P9'; common sugar, C^dp-O'" = 

aud graire-sugar, C^‘IT'0^=C='‘H"0'«,rP0“. 


c. Convpounds of the Nuclei luilh Oxygen, 
a. Coiwpounds with 2 At. Oxygen, 

Aldehydes in general, or Aldides. 

When Liebig, by withdrawing 2 At. hydrogen from alcohol, converted 
it into the compound CdPO*, ho called that compound ylAWyde, from 
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ylfcoliol anti tZe/t,yr/i'oganation. More recently, a consideralilo mnnbor of 
otlier compounds liavo l)con discorerod, possessing a certain analogy witli 
Liebig’s aldehyde, anil to these tlie same name has been extended. To 
avoid this confusion, I projiosc to denote all those coniponnd.s by the 
generic term Aldide, reserving the original title of Aldebydo for the 
ahlide of tho ethyl-series. 

The aklidcs are divided into the following classc.s, according to tho 
nature of tho nuclei in which 2 At. of oxygen arc rcjdaccd j—we shall 
give a few examples of each class. 


1. Aldide.^ of Primary Nuclei. 


c 

IT, 0 


C 

II, O 


4 

4, 2 

AWehyle. 

14 

8, 2 

Anisol. 

G 

4, 2 

Acrolein. 

14 

12, 2 

Ciiminol. 

8 

8, 2 

Butyrin Alilide. 

M 

M, 2 

fEinmthol. 

10 

10, 2 

Valerie Alilide. 

18 

8, 2 

Oil of cinnnranii. 

12 

(), 2 

Phonons acid. 

20 

18, 2 

Borncn-cmniihov. 

12 

14 

10, 2 
G. 2 

Me.sitio ether (?). 

Oil of Bitter Almonds. 

82 

82, 2 

.Sjicrmaceti. 


Most of these altlidos have atondeney to take nptwo additional atoms 
of oxygon from tho air, from oxido of silver, from nitric acid, &c., and to 
ho thorohy converted into ntoiiolm.sic acids. In this mannoi’, aldohydo is 
convertod into acetic acid; acrolein into acrylic acid; butyric aldido inl.o 
Imtyrlo acid; bitter almond oil into benzoic acid; cinniiiol into enminic 
acid; mvianthol into umantliylic acid; and oil of ciiinaimm into cinnamic 
acid. Tills tendency is lilcowi.so exhibited in cortain nididcs of tho 
cliloriuo-uiicloi, whereby acids arc formed containing chlorino-nnclci. 

2. Aldidcs of Oxyejm-nuclei. 

a. Most of thoso coinponiKls aro produced by heating an acid either iiy 
itself or with anhydrous phosphoric aoicl. By this process the mouobii.sio 
acids arc reduced, with loss of 1 At. water, .a.nd the bibasic acids with the 
loss of 2 At. water, to tho hypotbotioally anhydrous state, in which, ac¬ 
cording to tho radical theory, they exist, together with .a metallic oxide, in 
their motallic salts when dried as mncli as possible. In this state, howevoi’, 
tlioy aro no longer acids (pp. 10,14), but must bo regarded, according to 
Laurent, as Jnhydridfs. In contact with water or with aqueon.s alkali.s, 
however, they recover the hydrogen awl oxygen which they have lo.st, ami 
aro reconverted into the acids from which they originated. It is remark¬ 
able that, with tho oxcejitlon of maleic acid, none of thoso acids wlioso 
iiucloi consist only of carlxm and hydrogen, are capable of being reduced 
to this state. [Vid. p. 201.) 

Wo must suj)]i 0 BO that, in the conversion of an acid into an anhydride, 
the hydrogen withdrawn from tho nucleus is replaced by oxygon outside 
tho nucleus; but when water acts upon the anhydride, this oxygen is 
.again removed from tho nucleus, to give jilaco to tho hydrogen of the 
water. Tho cxjilanation bocoinos simplor if wo suppose, according to 
Theory 2 (p. 147), that tho ])ortiou of hydrogen in an acid which can bo 
replaced l)y a metal, viz,, IH in a monobasic, and 211 in a bibasic acid, 
is .situated outside the nucleus, and those 1 or 2 At. 11 tliu.s oxtornally 
iittaclied aro given oil' in the formation of the anbydi'ldo, together with 
1 or 2 At. 0 of the envelope. 

r>r ilir>isA 11 Inril vl. 1 ACI /it* /»I 1 111 fnV OVimi 1 ll f»_ 
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Ti’l’ES. 


n,ltlioiK’’li tlioy lifi-vc no Jicul rcfictioiij ycfe uuito witli Luscs, riutl foiiii sn/lhio 
coiiipoiiiulsj wliiclj, lioTVOVcij five quite <liatiuct from tlioac ^viiich uro 
formed liy tlio true acids. 

In coutiict H'ltli water, the atiliydridoa aro_ reconverted more or less 
quickly, into the ori^lual acid.s, tiio cluiii^o beini^’ accolciatod by tlio aid 
of lieat or by tlio presence of an alkali. But cainplioric anliydrido 
remains uncliiiiii^cilj even after two Uouvs boiliut^’ with watery wliorcus 
the stronger acids sciiarate it from its peculiar combinations with potash, 
oxide of lead, See., in the form of ordinary camidioric acid. In some few 
oases, the auhytlridc is converted by the action of water, not into the 
original .acid, but into another acid i.soineric with it^ thus, the anhydride 
into which itaeonic acid is converted by heat, is .slowly transformed by the 
action of water into citraconic acid, which is hsonioric with itaeonic nciil. 

If tlicsc anhydrides are to bo regarded as doliydratod acids, wo must 
also, as Gerhardt observes, consider common camjihor, C-"H*''f)-, as a 
dehydrated aoidj since, when heated with water, it takes np 1PO-, and is 
converted into eamphorie acid, C'-’'’H'“0'. 

[For Gorhardt’s researches on the anhydrides of organic aciils, 'Vid. 

p. 201.] 

The following Acids yield the following Anhydrides; 


C H 0, O - HO = C n 0, o 


Maleic acid . 4 2 4 1 -1 1 I, 2 Maleic imhydridi!. 

Lactic acid . 0 0 2, 4 1 0 5 2 Luetic imUydnile. 

Succinic acid . 8 6 2, 0 2 8 4 4, 2 Sueeinic niiliydride. 

Tartaric acid . 8 C (i, (I 2 8 4 8, 2 Tarliiric niiliydride. 

Itaeonic acid . 10 0 2, (i 2 10 4 4, 2 Ttaennie aidiydriile. 

Vlitindic acid . 16 (i 2, 0 2 IG 4 4, 2 I’lilliidic atdiydride. 


C'amiilioric acid .... 20 10 2, 6 2 20 11 4, 2 Cimiiiliorie aidiydridc. 

Clilorophtlialic and uitrophthalic anhydrides, which will ho montimicd 
hereafter, also belong to tliis head. 

A The following aldido.s of oxygcn-nncloi are not produced by deliy- 
drating tlio acids; but ouo at least among them, viz., lienzil, wlH.m hoilinl 
with aqucoins potash, takes up 11*0*, and is eonverted into a.n acid, viz., 
henzilic acid; and hydrnnisyi, which is imsolnblo in aqiieou.s potash, di.s- 
appears when boiled for a long timo with it, prohahly from a. similar 
cause. Ilydranisyl rescmblc.s tlio aldidcs of the primary niieli'l in (his 
respect, th.at wliou exposed to tho air, it is gradually converted into anisic 
acid, C™H'-0’,0h Similarly, salicyloiis acid is converted by varimi.s 
oxidizing agents, into salioylie acid, C^IPO". 


C13JJ402 03 Chinono. 
C'iH“03,03 Salicylous acid. 
CilFO-’iOH Hydranisyl. 
C'3H''03,03 Cumarine. 


OXqp-'Oigjc Prti'sley-iiiim|ilior (?). 
C3''H*-'()3,03 Caryopliyllie acid Cr), 
Bcw/ti. 

C''I-P'03,0-' Pinic acid (1). 


3. Aldidcs of Iodine, Bromine, and Ghlorinc-nuelci. 


C'HP,03 

C'nRi-1,03 

cqicvbo^ 

O'Cl'.03 

0‘HTC\,0a 

WCl^QS 

(?a^ciko3 

C»tI»Br’,03 

C«3HW,02 

e«Hei«,o3 


lodnl. 

Bronml. 

Chloral. 
Chloraldcliydc. 
Clilorabutyraldide. 
Clilorebutyraldide. 
Chlorobutyraldidc. 
Bromopheniaaic acid. 
Chloropheiiesaic acid. 
Cblorophemsaio acid. 
Chlorophenuagio acid. 


C'>IW,03 

CnPRr.O^ 

CW|PC1,()3 

C'lIPHr.QJ 

C*iH7Cl,0-’ 

C>"H‘BrN03,n= 

C“lPH!r'iNt)3,o-’ 

C''HiCiN03,0'3 

CWlPCPNO'kO'J 

C'xiHClkOi 


lodiibciizoyl. 

liromoliciiziiyl. 

(Jhliiriibenzoyl. 

lii'oninni.sol. 

ChloraniBol. 

IJi'omiaa(,iuc. 

Biliroiuisntinc. 

Cliliiviaiitiiie. 

Bichloriaatino. 

Clilorocinmiae. 
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Tlio following contain oxygon also lii tlio mtolons: 

C*"IICP0",0’ (')ilorocliiiionc. CUr'ISrO-iO'-* l)foniosali(iyIiitia miiil. 

■ Cliloranil. C*‘’II’Cl-0^jO’ Cliloroiilithnlio iinlij'ilritli'. 

C'llF'ClO'^jO'-^ Clilorosalicyloiia acitl. 


4. A Idides of Azo-nuclei. 

<.!-[IN,0“ Cyanic acid. C-‘‘U''N,0' licn/.Uimiilo.(?) 

C'^IK'NO-iO^ Ifintiiie. C'-H'''N(J-,0" I’iinyl (?) 

C''4r'N0,02 Isatano. 


,'5. Aldides of Amidoyen-nuclci. 


c 

tl 

N 

0 



2 

4 

2 

2 — 

C?A(l-,0- 

Ui-on. 

4 

4 

2 

4 ^ 

C'A.l-O-.O-' 

Oxaniiilc. 

fi 

7 

1 

4 = 

CIlUilO-.O- 

Lncliimiilc. 

H 

fl 

2 

•1 => 

l?'ll-A(I-()-.0" 

lOiniiiniiniilo. 

H 

0 

1 

2 

OOHAil.d'J 

Ilnlyvamiilc. 

H 

H 

2 

■1 

C'll'Ail-O-.f)- 

.Suiii'iniiiiiiilc. 

lit 

.'i.a 

1 

2 -- 

(7"li;nAil.O- 

Aliii’aiiminiilc. 

n 

H 

2 

(1 . 

(;'^II''A(1N()',()' 

A.BimniKia. 

10 

0 

2 

2 

c>''ir-AiV-.o- 

I’yroiniicimiiili' 

Vi 

12 

.1 

12 

C'dl.'AiPO"’,(P 

Alwumiclc. 

M 

7 

1 

2 “ = 

Colp'Ail.OJ 

lliaiKiiiiiiilc. 

11 

7 

1 

•1 

f;oi|.'Aiio-,o- 

.Siilicylmiiiilc. 

1(1 

(i 

1 


(;>"ii'A(i(ti,()2 

I'litlmlmiiiilc. 

10 

7 

*2 

:i • 


AiimBiiliii. 

nn 

11 

I 

•( 

c'lr'A.io-.d- 

lli.U'/imiiU'. 

•10 

10 

1 

111 . 

(;'‘i|i7A,i()",d- 

(Ipiiimmiiil. 


Tim fnllnwliig likowiso coiitiiiii clilnriiKj in Uio nucliiiiM: 

C'Cfiir-'NO" C'i(;i-'.Vil.()- Cliteicntumid.'. 

C'-’Cl-U'Wi'O' CKCPAa-0-,0'> Chloiwillmniili', 


(i, Aldides of Nitro-nuclei. 


c>-’[iiN=0"'i=; ci-ncx^n-: 
CiqiWO".=- C'=Il''X»()- 
('."ICNO'i C'TCX.O" 
cnit«N-()ii'.-. C'‘n"X-.0- 
C'lH-NO-' - : C'lCXO-'.O- 

ci'iCNcv (:“icx()-.o- 

C"ll^N-()i . i;iiuiA<lX0-,0- 


Nitroiiho.nrHBiG ncitl. 

Niti'iiphopiiasiu iic.iil. 

NitniiiiHol. 

ItinitnmiHoI. 

Nili'OimlicyliiiiH ili'iil. 

Niti'Diilillmlimliyiiviilc. 

Aiiiliimiilc. 


Dlost aliliilon :u'(! cryMtidliiio; many iii’o oily; ;i. fipw, llko idili'liydo, 
Ibvin thin liniiidH. Tlio tciidoiicy t« iissiimo tlmsolid ntato iimri'iiHos willi 
tim rmmlioi' of <'iu'lion-ii.toiiiH, and likowiso witli tlio proportion of iodiiio, 
brmiiiiio, cliloriiiu, uuiidogoii, and liypoiiitric acid. 

Most uldidoH aro neutral, providud jio forniatioii of acid lias takoii 

plilCO ill tllOlll. 

Hut many of tlioiii, ovon in tlioir original stato, roddoii litmuH, and 
oxlilliit tlmir tmld cliaraotor I»y forming aalitio conipoiiiidH %rith lumoH, tlio 
comliinatioii lioiiig noniotiiiius iittoiidod \yitli tlio oliminiitioii of I At. iriitor. 
Hiioli i.H till) ciiMo with ]ilioiiou.s acid, togothor with its modillcatioiiM fonnod 
liy .siili.stitiitioii of liroiiiiiio, (diloriiio, or liypoiiitric acid, viz., Hallcyloiin 
acid, iiiti'osalicyloii.'H aciil, and (•.aryopliyllio acid..—liromlim, cliloriin-, or 
liypoiiitric acid in llm iniclou.s, iippoarH to c.'cidt tlio acid cliariicicv; iil. 
loiwt, wo aro led to Hilppo.so no liy eoiiipariiig plionou.'i' acid willi tlio aciil 
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mus. 


formed from it by replacing part of its liydrogon by bromine, cliloriiio, or 
bypmiitric acid, 

Most of tlinso acid aldidos, howovor, are distinguisbod, according to 
Gcrbardt’s olisorvation, from otlicr acids, by not forming otbors of Lbo 
third class with wood-spirit, alcohol, or fuscl-oil, and by combining with 
2 At. sulplmric acid to form monobasic copulated aoid.s; whoroa.s, according 
to Gerhardt’s law (p. 222), other monoba.sic acids, in combination wUh 
2 At. sulphuric acid, produce hiba-sic acids. It would pcrhaji.s bo advd.s- 
ablc to distinguish those aldidea which bchavo liko acids, by tho allix oh.9, 
as, in fact, we do in the case of salicylous acid; according to this rulo, wo 
should say pbenosw instead of phenic acid, &o. 

On the other band, the aldides of the amidogon-nnolei oxliibit ratlior 
a basic character, which is especially remarkable in tlio caso of urea. 
Another property by which these aldides aro distinguished is, tliat sonio- 
limes when heated with water, sometimes when acted n])rm by (Ixod 
alkalis, acids, &c,, they take np an additional quantity of oxygon and 
hydrogen, and are resolved into ammonia and the (u.snally acid) com¬ 
pound, from which they were originally produced by the action of 
ammonia. 


/3. Compoimds of the Nuclei with 4, G, or 8 At, Oxygen. 
Monobasic, Bihasie, and Terhasio Acids, 

OrOANIO AcID.S, PROriSRLY so CALI.EU, 


All compounds of a nucleus with 4, G, or a greater number of organic 
atoms, exhibit tho properties of fully developed aoid.s. .But ho.sido.s tlicac, 
there arc two other classes of org.anio acids, viz., tho acid iildiilo.'i, and 
nuclei analogous to tho hydrogen acids, e.g., hydrocyanic acid. 

Many organic acids, properly so called, occur in natnvo, and more 
abundantly in tho vegetable than in the animal kingdom; ninny olhor.s 
are produced artificially, e.g., in tho decomposition of other organic com¬ 
pounds by dry distillation; in tho alterations produced in such coinponnd.s 
by the air, and by nitric, chromic, or sulphuric acid, fused hydrate of 
potash, boiling potash-ley, water, &c. 

Most organic acids aro entirely composed of carbon, hydrogen, and 
oxygen, and, inasmuch as they chiefly originate in tho vegetable kingdom, 
or are produced artificially from vogetablo substances, they aro froqnontly 
called VegelaUe-acids. Among tlicm aro several possessing tho acid 
character in tho most marked degree; so that, in their affinity to salifiablo 
bases, they arc not inferior to the strongest mineral aoids, and liko tho 
latter, exert a poisonous action when concentrated; e. g., Oxalic acid. 
Their acid character is stronger in proportion as a smallor iminhor oi' 
carbon .and hydrogen atoms outer into tho composition of tlio luicluu.s 
with which tlie 4 or 6 external atoms of oxygon arc coiiibiiicd, and also 
us a larger mimhcr of hydrogen-atoms iii tho nuolcua aro roplacod hv 
oxygen. As the number of carbon and hydrogen atoms in tlio nucleus 
increases the acids bocomo weaker; so that at length they lose thoir sour 
t^te a,nd solubility in water, scarcely roddon litmus, and may ovoii ho 

acid. Those which 

raSc «>an water, tho 

increasing with the m.nihor of oxygen-atoms; whereuH 

w^^ter A few Hoat upon 

liter. A few of them, at the temperature of 0° are watery, ayrujiy, or 
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oily liiiuitlaj o.g., luvmiu, lactic, Imtyrio, and oloio acid; but tlio groatoi’ 
uuinboi' iivo solid, and gcnomlly eiystallino, and most of thorn fuso boforo 
docomjioaiiig. Nearly all organic acids arc coloinduss. They aro, for the 
most jiart, rolatilo rvitbout doconnwsitioii, and volatilizo with greater 
facility in proportion as they contain a smallor numbor of olomontary 
atoms, and as tlio numbor of oxyacu-atoms amoiifi thorn is loss pro¬ 
dominant. 

Other organic acids contain nitrogen, somotimos existing as such, 
somctimos as amidogou, somotimes as hypoiiitric acid. Soiuo acids, such 
as urio acid niul oliolic acid, in which the nitrogen exists ns snob, aro 
]n'oducod by natural processes in tbo animal economy, and aro callod 
Animal acids; otbors, snob as antbrauilic, isatlnic, and aspartic acid, aro 
formed by boating otbor nitrogenous compounds with hydrate of potash 
or potash-loy. Thoij' acid clmractcr is always very feeble. They aro 
crystalliiio, colourless, and do not volatilize undccomposcd. 

Amidof/cn-acids, or Amidnlcd acids, aro producod oitlior wbou 1 At. 
hydrogou in a nou-azotizod biba-sic acid is roplacod by amidogou, tbo 
ebango being produced liy tbo action of ammonia (pp, 140—14.0), or wlion 
4 At. oxygon in a monobasic iulro-aci<l, aro roplacod Ity 2 At. hydrogen 
(p. 7.0). Tbosn acids, oven when formed from a bibasic acid, aro thom- 
solvn.s monobasic, and oxbibit but feeble acid ('baiactors. Wliou an 
amidatod acid, formed by tbo notion of ammonia, is boiled with acpiooiis 
]iota,sli, ammonia, i.s evolved, ami tbo original aoid is reproduced in tlio 
form of a. potusb-salt. 

AhVrn-muW.s' arc producod by troating other acids with nitric acid, 

1 At. hydrogen hciiig replaced liylAt. hypimltrou.s acid, and tho aoid 
remaining monobasic or bibasic as boforo. Tlioy aro generally yellow 
and bitter, and rarely velatilizo without dcc.omposUion. When snddonly 
heated, they dollagrato with more or loss violonoo, ospooinlly after com- 
hiiiaticn with llxod bases. 

The common cbarnctor of all those acids, as imlood of all others, con¬ 
sists in thoir power of combining with saliiiablo lmso.s, Iho coiubinatiou 
being attondod with more or loss complete neutralization of tho properties 
of both tho combining substance.?. 

With regard to tho pro]iorllon8 in which they combino with bases, 
tlicso acids, like tbo inorganic acids, aro divided into monobasic, bibasic, 
and tcrbasic (IT., 7). According to this, 1 At. of a monobasic add 
rc(|uircs to form a nonnal salt, 1 At. of aimnonia or of a motallic oxide 
coinjiOHc.d of JilO or MH); 1 At. iif a bibasic acid roipiiros 2 At,, and 1 At. 
of a torbasio acid roi[iiiros At. of siic.b a base for tbo snnic purpose. 

After Gralium bad (loimms|.ralod tho oxistonoo of monobasio, bibasic, 
and torbasio plumpliorlc acid, Liobig in IHHH (./In?).. 1‘luinn. 20, 1.13) first 
showed that many organic, acids ought likowiso to ho regarded as poly- 
hasio; viz., I'tilmiiiic, iliiconic, tartaric, tartralic, tartrolic, malic, asjiartic, 
mucic, oomoiiic, and gallic acids as bibasic; and oyanuric, oyanyllo, citric, 
moc.onic, and tannic acids as torbasio. To these catalogues many otlior 
acids have siuco boon addod. 

rnuircnt, according to TL 1 (p. 147), supposes tlmt ovory monobasic 
acid I'linliiins 4 atoin.H, and ovory bibasic mdil (! atoms of o.vygam cxlonuil 
to tbo nucleus; licneo bo ussigns In bouzoic acid tbo lormnla C^lPjO^, and 
to camphoric, acid, (J-"'lh"U“,0". Accoriling to tlio sanio viow, a torbasio 
acid iiiiist iio Hiipjio.Mod to contain S At. oxygen outside tbo luiclous; 
c,t/., nuiconic acid inu.st bo expressed by tho luriiuila L’'11'0'',0“. Bat wo 
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may also, according to Tk 2 (p. 147), sujiposo tliai; a number of Iiydrogcu- 
atoms, equal to tlie number of atoms of base wliich tbo acid saturates, arc 
situated outside tlio nucleus; and accordingly avc may express benzoic acid 
by tbo formula C‘^H®0,H0“, carai)boric acid by C“PI“0‘,H“0‘, and mccoiiio 
acid by In the ordinary metallic salts of those acids, the 

1, 2, or 3 At. liydrogcu outside the nucleus aro replaced by an equal 
number of atoms of metal. The arguments for sind against these two 
views have already been stated (pp. 20, 21, and 31—37). The latter 
view forms a trau.sitiou to Liebig’s suggestion, to consider these acids as 
hydrogen-acids; that is to say, as compounds of radicals with 1, 2, or 
3 At. H. According to this view, the three acids just mentioned will be 
denoted by_ C“HW,H; and 

It is dilKoult to decide with any degree of certainty whether the 
formula of an acid should bo so written as to make the acid monobasic, or 
twice as great so as to make it bibasic, or three times as great so a,s to 
make it terbasic. Ought oxalic acid, for cx.amplc, to bo regarded as mouo- 
basic=:CT'10‘‘(OTd,0^), or as bibasic=C*H'0“ (C‘I1“0'“,0“)? Is cyanurio 
acid monobasic=C-NHOy or terbasic=C'’N®H"0“? The following aro tho 
principal considerations by which such questions must bo decided. 

1. Entire Atoms .—An atom of an acid must not bo supposed to 
contain fractions of atoms of tho elements. Citric acid dried as com¬ 
pletely as possible 2 ?«'<iC=C'’H® 0 ‘*; in the hypothetically anhydrous state 
t is=C'°H*0*h But according to these formula), it is terbasic. To make 
it monobasic, wo must divide tho formuho by 3, and assign to tho acid 
dried per se tho formula C‘H-50'‘l, and to tho hypothetically anhydrou.s 
acid, tho formula C^I-PSO’s. The acid is thoroforo terbasic. (Liebig.) 
Similarly niocouic acid, cousidcred ns terbasic, is C''’H'‘0“, and in tho 
hyj)otIieticalIy anhydrous state, C'TdO"; formulio wliich do not admit of 
division. (Liebig.) Similarly, aspartic acid, OTPNO® is bibasic, according 
to Liebig (but according to W. Henry, it is not): to divido tho formula 
by 2 would introduce half-atoms of if and N. 

2. Ewn manhevs of Atoms .—Since it appears from other phenomena 

that other organic compounds alw.ays contain oven numbers of carbon- 
atoms, ive may jjerbairs bo justified in regarding as bibasic those acids 
which would form exceptions to this law, if they wore considered to bo 
monobasic, provided that such an assumption is not forbidden by more 
important considerations. Such is the case with mesoxalic acid, C“HO“, 
croconic acid, C®HO“, pyrotartaric acid, C^IHO', itaconic and citraconic 
acid, gallic acid, C’ffO®, &c.—But uneven numbers of hydrogen 

and oxygen-atoms, as they rarely occur, may also lead to a duplication of 
the atom of the acid, if such an alteration of the formula bo sanctioned 
by other reasons; c.y., oxalic acid, C-HO*, mellitic acid, CHIOS malic 
acid, CHFO=, tartaric acid, CHHO", succinic acid, mucic acid. 


3. Boiling Point. — The boiling point of a compound may bo 
approximately calculated from its composition (pp, 55— 03 ). Hence, 
■^en the boiling point of an acid is known, tho number of its olomontary 
WWaWay bo fixed at that amount which accords best with tho boiling 

regarded as mouobasie=C2HO'‘, and compared with 
■Gr®©*, which boils at 99°, and difi'ers from oxalic acid only 


Via f 3; foiling point of oxalic acid should 

06 99 according to Gorhardt’s law, tho subtraction 
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of 211 raises tho boiliii" point 15^ But oxalic acid does not boll till it is 
heated to 212" C; and sinco part of it is at tlio samo tinio volatilized in tlio 
(bieomjio.scd state, its teiio boiling p<iiiit must be still liiglicr. Tbiacircuiu- 
staiiuo tends to show that oxalic acid is not monobasic. If on the otlier 
band wo regard it as bibasic=C‘H-0-,0“, and calculate its boiling point as 
ox))lainod on jiago (11, wo iind Ibat C^H-givc.s —l.'j"; 20 in tbo nncloa.s, 25"j 
and ()0 out.sido tbo nuclniiH, either 200" or 2 , 00 “; and tbus tbo calculated 
boiling ])oliit of oxalic acid appea.r.s to bo oitlier 210^ or 200^ wbicb is nearer 
to tbo olworvod boiling point tiian that given by tbo former calculation. 

Since tartiuhi acid, Avbeu suddenly boated to a temperature betwoeu 
200 ' and 000'’, boils and undergoes convplfle decomposition, its true boiling 
point must bo considuriihly bigber. Tbo following are tbo ealeubited 
results, according as tiio aciil is regarded us iiumoba.si(! or biliasic: 


Meneliaaic =- C If'()-, 0' 

Bilm.si(;-C-4I''’0'',0'' 

C'lP - 12 

CID + 20“ 

2(3 williia -I- 2,'i'' 

(iO williia 150“ 

•to without ll'itl'’ 

liO witiioat, at masl; 2.00'' 

lioilinti; laiiat 1.')2'.3'' 

liiiilili;'imiiit ■120'' 


rionco ta.rtarie. acid, and also raeemic. ii(a<l, wbicb i.s l.someric, with it, and 
beba ves in a prtsfi.scly similar manner Avben boated, inirst bo regarded as 
biliasio. 

Mtdlitic acid laair.s a boat above 200" witbmit volatilizing or dccom- 
jiosing. If monobasic, its formula is if bibasie, it i.s 

III this ca.so also, calcalatiou shows that the latter formula is tlio right 
one; 


C'lt - 1-Xv 

■lOwUliuiU 

1 12 •.'■)■ 


20 williia 2,')“ 

OO witliDUt, lit most ariO" 


3:10'' 


In tlio case of jiyrotartaric acid, wbicb boils at 108’’ witli sliglit 
docompc.sitiim, tlio cabadated boiling point does not exceed if tlio 

forimila bo taken as but it is at least 220", if wo start from tlio 

Ibi'imila G"'II"()",0'', and reckon only ].'>()“ for llie (! At. O oxtoriial to tlio 
niicloiis. 

Till' liiiiliiig points of Ibo oilier doubtful acids being shill less known 
than tho.so of tbo acids just con.sldorcd, tbo motliod boro exhibited cannot 
111 ) ajijilied to tliem. 

4. J'chil'uiii /« iS'ttliJidhli: JiKscs. —«. Biliasic acids Iiavo ii .stronger 
tendency tbiui nioimbasic acids, to form, not only normal salts in which 
2 II are replaced by 2 At. metal, but also acid salts in wlilcli only III is 
replaced by 1 A t. metal, Such salts are foniu'd cbiolly with lunmonia, 
jiotasb, soda, baryta, strontiii, liiiio, uiiigiiosia, and oxide of silver, 
(liiebig.) Tliero are, bowover, iiiaiiy biliasio acids wbicb do not form 
tlicse acid salts. 

h. Biliasic acids have also a greater tembmoy to form double salts, 
iaasmueb ns 1 At. H may bo i-epbieed by one metal, and tbo roimiiuiiig 
atom by aiKitlicr iiieliil (or one atom of wator by one motallic oxidi', and 
tbo rcniiiiniiig alum of water by iinoLlicr nintallic oxide), llcncn an acid 
salt of a, biliasic aciil often takes up anotlior metal, and is thereby cnii- 
vei'lcd into a. miniiiil salt. It is considered to bo jiccaliarly elia.racteristic 
of bibasie aeids that they form doiiblo salts witli two very siiuilar Irasos; 
e. f/., tartaric acid witli poLasli and soda, or iiotimli and anmumiii. 
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c ITiU'Gn’.s law {Ann, rhann. 2.')7)--tliat if a salt of any acid 
which is opposed to bo monobasic, be found capable of uiiitiiig with hall- 
an atom of water, the atomic weight of that acid must bo t oub cd— 1 « 
iuadiidssible; for crystallized acetate of stroutia is C-‘H''brUH-iitU=: 
SrO C‘H“OHrHO; and nevertheless the doubling of the atomic weight 
of acetic acid IS most decidedly forbidden by all the other rclatioim of 
that acid. In .such a c:i.so wo niu.st suppose that 2 atoms of tho dry acetate 
unite witil 1 At. w.ater. (Frc.seniiis.) 

d. Neither does Gerhardt’s law, that only bibasic acids arc capable of 
yielding amidated acid.s, assist us in dcterniining whether an aciil i-s iuoue- 
basic or bibasic; becau.se, for example, in tho trausformntmu of oxalic into 
oxaiuio acid, we may just as well supiioso that 2 At. oxalic acid (regarded 
as monobasic), when acted upon by ammoiiia, unito in tho formation of 
1 At. oxamio acid; and, inoroovor, it ii.a.s lately been shown tliat ovou a 
decidedly monobasic acid maybe converted into an .a.midated acid (tliough 
not exactly by flio action of ammonia)—c.y., benzoic acid, C“II'’,0‘ into 
bcnzamic acid, C^H^AdjO*. 


On tho snhjcct of polybasic acids, comp. Liebig (Jim. I'kiirm, 2 fi, 110, 
and Chim. ov(jan. 1, (> —11); Fresenius (ybin. J’hnym. .'lO, 207); Clor- 
hardt (Oompl. menmds. 1851, 129).—IT Gorhardt, in tlio pa|)or last 
(piotod, extends tho .abovo-cxplaiucd notions regarding tlio basicliy of 
acids to all acids whatever, iiiorganio as well as organic. Ho gives as tho 
definition of an acid: “ Any substanco which contaiii.s liydrogon capiiblo 
of being replaced by metals by double decomposition,"- ■ tho acid heiiig 
niouoha.sic, bibasic, &c., accordingly as 1, 2, &c., atoms of liydrogon aro 

replaceable by metals. According to this dofinitioii, water j.j|o {equivalents) 


C’H’) 

]). 27) is a biba.sic acid, and alcohol jj 10, a inonoba.sio acid {comp. 
p. 17). Sulphuric acid, SO'Ii"—which contains 2 At, of basic liydrogon, 
and forms turn classes of salts; viz., acid salts, snob as j^}SO'‘,andiicntral 

salts, such as is bibasic; wlioreas nitric acid, Now'Ll, wliicli con¬ 


tains but one atom of basic hydrogen, and does not form nciil salts, is 
monobasic. In determining tho basicity of an acid by this character, 
however, it is necessary to observe that acid salts may bo formed by tho 
combination of a neutral salt of a monobasic acid with tho hydrated acid 
itself; e. g., acid acetate of potash, C’l-PKO" + just as basic salts aro 

formed by the union of a neutral salt with a motalhc oxido; e.r/., basic 
sulphate of copper=SO''CV-t-Cu^O (p. 208). 

For determining tho basicity of acids, Gorhardt gives the following 
charactors, not as perfectly absolute, but as siiflicicntly decisivo in tlio 
majority of cases; 

1 . A monobasic acid does not form acid salts bydoublo dccomposilioii. 
It forms but one aimnoniacal salt; one neutral mono-alcoliolle ether, such 
as AoHjC-HoO-IPO (Ac denoting the radical of tho acid); and one 
if the form Ac^lNI-p—IPO. Tho volatile organic acids 
'"’’obasic. Tho formula which represents their imdi'culo 
that of Water being IPO, 

with a motal two salts, one acid and tho 
"cid and a neutral salt; an acid amido, 


orm 


nun the If being 



OIUIASIC AC 1 H 8 . 


am 


liaaio, anil iilii-amHlatoil luntlnil iimitlo—Ac >tn Uio 

iik-uliiilM limy form an aoiil ollmv, or nnnuiliaMio viiiio ar'nl =: 




urn 


}, anil ft. irt-alt'olmlio ntmti'iil otlidr, mucIi 


iiu 


. (Tr,c“ir''0 


-IPO) 
■ IPOJ 


wliitili 


n. 'J'orbaHui aciilH may form willi tim Hiimn nriil. diroo KtillH, t^-o of 
ifiiaro lU'iil, ami llio Uiiril mmlral; wltli iniimmiia iiml tlio ormuiio 

... * y. % .y • 1 •. I j I . 1 I 1 .1 .1 


alkaluuk lUroo milla ami Llireo amiiltm; witlillm nlrolmlM. Ihrim cUiurti, mio 

of tvliicli iff lor-nlcoliollo and neutral, liiivin;' iho form Ae ll.('dl'‘() — IPO , 

llI,Odl-'()-..IP()) 

wliilo llio otlmr Uvo aro aelil, llio Hccoml conlainiiiir I At. uml tins lliinl 
2 At. of basic, hydrof'cn. 

WllliamHim, a.s alrcmly notieiMl (p. 17), ri'oanl.i sill iici.!.-., .'mllo, Ac,, 
UH formed on llio (.v[io of wiilcr, 11 'O, -•■ti. immolia iic o 1.1,1, .■ iicli im iii( I'ic uciil 
beiiiir formed by llio .■■iili.Hlilitlioii of ii, ccrl.-iiii niilii.:iI, ...iicb ii'i KO", for 

N't) I 


beiiiff formed by llio 

;i At. H ill I Al. of wilier, ,(ii\'iii,i' llio formula |il;iiii.l;i liilm; icaciil 
by tlie Hulwtiliilioii of I Al. of u. radical for'.! ;\l. livli'o!;. ii Iti ‘2 Al. of 
ivatorj e.y., Hiiliiliiiric acid Accordin.' lo ibi.i loittil ion 


id 


Hiilpbiilo of polimli in 1) olid llie iiculml .•■iilpliale. ’ j^;il)', Aiiliy 

(Irons acids are formed by (bo rcplaccim.iil of all I bo bydrnjfou in I or 


2 iilom.s of wafer by (be minm rinlical.i: (Ini..., aiiliydrono nilric. nciiU 

^|J.]}o=:K'"()''j iiiiliydroim milpliiirio acid, .jljpjo’. I it aliorl, tlici 

fudiydrons aeiils are lo Ibo liydriiled nciil.s jiml im cllii'ni nio lo jilcoliols, 
(lerliardt bus adoplcd iIiim mode of repri'M'iitiin' (bo or^'anie acids 
wliOHO anliydrides lie liii.s- lidcly diacovcicd, 'I’limi, bydralod iMMiy.oie acid, 
= C’H“()’, is roprusenled as witter in -wbicli 1 At, J1 i-i roplacod by 


bon/.oy], C’IPO=:]lz, giving; Um formula uml the tinbydroiiH ludd 


or 


anbydrido by ||H{)=:0'‘n''f)’'. 'I’bo proceas by wliitdi (Im'Iiiinlt liiiH 


1!/, 


formed Ibis iiiibydridc, viz., by llio aclion of clilorido of tii'iizovl on 
liou/.oal.o of soda, is idiiiilar (o (lail by wlilcli W’dliaimoiti ob(aim'd 
coniiiioti cllicr by (be aclion td’ iodide of clbyl on I'tbylale of [mla .•.iiini; 
forjiisliiH 


im.l Ktl jirbi ICI Hint [;'j{(l. 


Ml likowiso 


lb. 


J,';}!) Iiinl IWI >i.l.l .NhI'I nii.l [J^j 


Nil 


I). 


(Icrbardt lias likew'ino simceeilcd 


III 


prepalilif' Miiiif of dll' compmiiid 
iiidiydroii.s organic, acids, aiialiigens (o uilliuiiihoii'n ci.iiiiuitind cllicri; 
(Iiii.-.., (lie coiiifoiiitid t 1 I ),t'I, and dry ln-nzeufo c.r.'-,,,la, lii-bl ji, ciili.'lalicc 
wbicli may be. called .hi/ir /.. c,V A, „ 'll'ii': ibii'i 


t ni'iil 


II : ("II (l.ei .N„t I 


I .11 111 


I iriii 


n. 


(''..1 i 

luaidtiiilar inamier. .iiminiit- ft' II 11 ip I I'M i,t). /iriiyul,- ntmi- 

mde ™ ((Id ft)) (C"!!"())(), ami fl llH»)((:"IPl))0 



types. 


rlee.0.-. 

gS)o-gSS!“-o®o}“'™“>)“' 


(Ann. nam. . ti . 1 ,. .,,ul 

, , • nf tlip Tiest known moiiokiaic, lubiifio, ■•I'l I 


A. Monobasic Acids. 


«, Almiobmo Acids with Pfmary Nuclei. 


1,»»„ta ».—■»» «i«* “”*’■■ ®*"‘; 


C H 0 


2 2 4 PovmioaoW 

444 Acetic acid 
6 0 4 Propionic acid 

8 8 4 Butyric acid ^ 

10 10 4 Valerianio acid 
12 12 4 Caproic acid ^ 
14 14 4 OJaantliylio acid 
10 16 4 Caprylio acid 

(Aaoleic or Pelar- 
18 IB 4 j gQjiiQ acid. 

20 20 4 Capric acid _ 


Melting 

Point. 


c n 0 


20 20 4 


120 au . 

22 22 4 Margantio acid 
24 24 4 Lauvostearic acid 


27 27 4 

28 28 4 
30 30 4 

32 32 dj 

34 34 4 

35 3.5 4 

36 30 4 
36 38 4 
42 42 4 
54 54 4 
60 60 4 
08 08 4 


Cooinic acid* 
Myi'istio acid 
Benin acid 


Melting 

Piiiiit. 

35" 

40" 

43" 


Benin aciii 

Bthalin or O'Ctylinl 5511 ((. flO" 

and Palmitic ucidi 


Margario acid _ 
Hteavoplianio aniiH' 
Biissio acid 
Stoavio aoidt 
Belionio acid 
Covotic acid 
Melissio acid 
Ceric acid (?)i‘ 



24 24 4 Lauroatearic acia ‘ro 

A. tkc 

presented ij co« 

Tpr. GhZ^A 330).—Laurent tPo Bolnliility of 

tiplo of CWrwMek they contain. 


2. The nucleus containing an excess of Garbon-atom. 


C H 0 

20 12 4 Cumiiiio acid. 

4 Maleic acid. ^ Campliolio acid. 

4 Acrylic acul. 30 24 4 Acid from liiiBCcd oil. 

4 ^"sei'cica . 4 Movingic acid. 

4 30 34 4 Oleic and BlaiiUc acid. 

4 Pyrotcielno acid. 40 30 4 I’inio and Byloio acid. 

4 Benzoic acid. j, stilcmx. 

;1ISS 2.110 

»l 0.1,0. to Oodolo mia tt. form.l. C»H> 0 *. .ml to St...oi.l.oi« .ol.l 




30 34 4 
40 30 4 
28 12 5 
28 12 0 


Gcrhardt’a supposition, wHcla however is not borne out by 

,,,la C»I^O''properly belongs to Balonio acid; ami. 
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»'/■ /!fi 
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n 
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I lliliiiiiiiiiiiiiliryliii iii'iil, 

I III iiiiiiiiiihir Iii'iil. 

I t'liliii'iiimiililliiiliii ui’iil. 
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1 
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Nucleus. 








CC 

H 

O') O 


(C 

H 

0 ) 0 


10 

2 

4 

G 

Croconic acicl.^ 

14 

G 

8 

G 

Rhodizonic acid (?). 

10 

6 

2 

6 

Itaoonic and Citraconic 

14 

12 

2 

G 

Pimelic acid. 





acids. 

14 

12 

0 

6 

Kinic acid. 

10 

8 

2 

0 

Pyrotartaric acid. 

IG 

6 

2 

G 

Plithalic acid. 

10 

8 

4 

G 

Lipio acid. 

IG 

14 

2 

6 

Suberic acid. 

12 

4 

4 

C 

Conienic acid. 

20 

10 

G 

6 

I'leniipinic acid. 

12 

10 

2 

fl 

Adipic acid. 

20 

16 

2 

C 

Camphoric acid. 

12 

10 

10 

C 

Saceliaric, Mucic, and 

20 

18 

2 

C 

Sehacio acid. 





Paiamucic acids. 

20 

18 

4 

G 

Azelaic acid. 

M 

4 

0 

0 

Chclidonic acid. 

2-1 

IG 

10 

G 

Kalisaccluu’ic acid. 

M 

G 

4 

C 

Gallic acid. 

08 

G7 

1 

6 

Stearic acid (?). 


h. Dibasic Acids luilh Ghlorinc- or Bromine-nucleus. 

C'-n-Cl-O-.O'*, Chloranilic noitl. 

Jidda chlostUbaviqtic. 

Jidda hrostUhaviqne. 

'I’lio last, two uciils alibi'd now instances of the anomaly of having too 
miicli oxygon ontsido the nucleus. 


c. Dibasic Acids with Azo-nuclciis. 

C‘'II-N-0''j Tavabanio acM.—C^I-UNO-.O”, AspavLic acid (?). 

d. Dibasic Acids with Nilro-nucleus, 

C'ni''N0'2 = C>“H7X02.0^ Nilropbtlinlic acid. 

C»II"NO“ = C=«U"X,0'“, Niti'ostilbic acid. 

The second of those acids likewise exhibits the anomaly aliovo-mcntiuned. 

It is rcimu'kablo that no bibasic acid has a nucleus consi.sting wholly 
of carbon and hydrogen; but that the nuclei of all those acids contain 
oxygen or nitrogen in addition to the carbon and hydrogen. 


C. Terbasio Acids. 

CminoAOs, Aconitic acid. 

Citric acid. 

C"H''0'',O®, Meconic acid. 

C'SHXOhOS, Tannic acid. 

CO Cyarau'ic acid. 

Cyanuric acid contains too little oxygon to agree with Th. 1 (p. 147); 
according to which, all terbasic acids should contain SO external to the 
nucleus; according to Th. 2, it should bo written: C®N®0,rP0'’. Pcrhaiis 
however this deficiency of oxygen may bo included among the anomalio.s 
exhibited by cyauogen-compounds in general. 

Many organic acids when subjected to dry distillation, either alone or 
in contact with lixed alkalis, aro resolved into simple products of decom¬ 
position, yielding on the one hand, carbonic acid or water or both 
together, and on the other, an organic compound sometimes neutral, some¬ 
times acid. 

Alonobasic acids when distilled jocr sc generally volatilize undecomposed; 
those only which have large atomic weights, or whoso nucleus does not 
consist wholly of carbon and hydrogen, but contains oxygon or nitrogen 
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ill addition, suffer decoinpositloii, which is hut partial in most cases, aiul 
is attended with the formation of neutral products, or at most of inono- 
hasic acids. 

On the other liand, many compounds of monohasic acid,s with one 
atom of a fixed alkali, are resolved by dry distillation into an alkaline 
carbonate and a neutral compound generally belonging to the class of 
ketones (p. 214). Moreover, when the acid is intimately mixed and 
heated with a large excess of a dry fixed alkali, which induces the forma¬ 
tion of the greatest possible quantity of carbonic acid, all the four atoms 
of oxygen outside the nucleus are employed in the formation of that com¬ 
pound, and the nucleus of the acid minus 2 At. carbon passes over (p. 136). 
The distilled product is either free from oxygen, i.e., if the monobasic acid 
contains 4 At. 0,—or it contains 2 At. 0, viz., when tho monobasic acid 
contains 6 At. 0 (f. e., 2 At, within the nucleus and 4 At. without). 
(Cahours, N. Ann. Chim. Pkys. f), 211.) 

A few hibasic adds can be sublimed without decomposition: e.r/., pyro- 
tartario acidj but most of them, when distilled per se, undergo partial or 
total decomposition. A few merely give off water, and sublime in tho 
form of auhydriilea; c. y., camphoric, jihthalic, and succinic acids. 

Others give off water and arc converted into new acids: Malic acid, 
which is bibasic, gives oft’ 2H0, and is converted, partly into 
1 At. of bibasic fumaric acid, C^H^O®, partly into 2 At. of monobasic 
maleic acid, 

Others again yield 2 At. carbonic acid and a monobasic acid. Oxalic 
acid, C‘I-PO®, partly volatilizes undccomposed, and is partly resolved into 
200’ and C’H’O* = formic acid. Comeiiic acid, C'’H‘0'“, gives off 200’ 
and yields a sublimate of pyromeconic acid, C'''H'0'j similarly gallic acid, 
C''‘fl’0“’, yields pyrogallic acid, C'’H“0®. 

Mucic acid, C*’H“0''’, gives oft' 200’ and CHO, and yields a sublimate 
of pyromucio acid, C’H’O''. Tartaric and racemic acid, O’H’O”, when 
submitted to dry distillation, arc completely decomposed, yielding among 
other products, pyroraccmlo acid, C'’H’0°( = C®H’0'’—200’—2H0) and 
pyrotartario acid, C«>H’0’(=2C’H»0'’-GC0’- 4H0). 

Phthallc acid, 0‘’H°0’, distilled with excess of lime, is resolved into 
400’ and benzol, C’H’. 

Terbasic adds when subjected to dry distillation exhibit similar rela¬ 
tions.—Terbasic cyanuric acid, C“H’N’0“, when thus treated, distils over 
in the form of 3 At. of monobasic cyanic acid, C’NHO’.—Terbasic citric 
acid, 0‘’1-P0’^, when gently heated, gives off 2H0, and leaves a residue 
consisting of aconitlc acid, C‘’H“0'’, which is also terbasic; this, however, 
at a higher temperature gives oft’ 200’, and yields a distillate of bibasic 
itaconic acid, C'‘’H“0*'.—Terbasic meconic acid, O’TPO**, when its aqueous 
solution is boiled for a long time, gives off 200’, and is converted into 
bibasic coraenic acid, 0”H'‘b“; but when submitted to dry distillation, it 
gives off 400’, and a sublimate of monobasic pyromeconic acid, C’‘’H'*0’’, 
into which compound comenic acid is also converted by sublimation, with 
loss of 200’. 

In all those decompositions of monobasic, bibasic, and terbasic acids, 
the law laid down by Gerbardt {dP. Ann. Chim. Pliys. 7, 223) bolds good: 
viz., tho power of any acid to combine with bases diniinisbcs by 1 At. 
for every double atom of carbonic acid which it gives off; that is to say: 
a monobasic acid is converted into a neutral compound by giving off 
2C0’; a bibasic acid becomes monobasic by loss of 2C0’, and neutral by 
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giving up 4C0’j aiul a tovbasio ae.iil Ticcomca blbasic by giving off 200^“) 
monobasic by loss of 400“, ami iiciitml by losing GC0“ (jilitlialic aoiil). 
Honco the siitiu’iitiiig powev of au acid is connected with tlio nuniboi' of 
atoinH of carbonic acid wliieli tlio acid is capable of yielding wlnai sub¬ 
jected to <lry distlllutioa, oitboi’ alone, or in contact ndtli fixed alkalis; a 
luonobasio acid yiclils at most 2C0’, a bibasic acid 4C0''’, and a torbiiHic 
acid GCOl It maybe (dijimted that tartaric acid, rvhicb oontaiiis 12 At.O, 
might yiobl (fCO-j but when the acid is decomposed, part of this oxygon 
is cxjiondod in tho formation of water. 

Tlio loss of 2 or nioro At. IIO weakens the acid nature, bnt not tlio 
saturating power, of au acid: c.y,, tho conversion of citric into uconilic 
acid. Even if an acid Inaos xIIO at tho samo time that it gives (df xCO'-*, 
its saturating power Is not more diuiiulshod than it would bo by the loss 
of xCO® alone. 

Dumas & I’iria (iff. Aim. Qhbii. P/ii/s. iiiH) have thrown out tlio siig- 
gostioii—which indeed is HUjiportodhymunorons consideratioiis • tliat many 
polybasic acsids may be Cojiuldlol acids (Acidcs canjiu/iirs). In corndio- 
ralion of tliis view, they havo shown that many polybasic acids, when 
fiiaod with hydrate of potash, arc re,s(dv'cil into a, muuhor of siinplcr acids 
which unite with the potash. Thu.s, I At. of bibasic tartaric acid yitdds 
1 At. oxalic and I At, acetic !teid: 

C'lffO'-. Clffos-i ciuio'; 

and 1 At. torbasie. citric acid yitdds 1 At. oxalic and 2 At. acetic acid: 

o'-'ipo" 1-2110 c'li-'n-' i-a(c;‘n'o'). 

Those rnsiiltH likowiso accord with (rnrhardt’s law respecting tho satu¬ 
rating; power of ooimliited iiciils ('/. a), whhdi is always less by I At. tlmii 
tin) simi of tlio satinidiiig powcr.s <d‘ tho indiidilual acids conijmsing llie 
('()|[iiililted acid. Tims i At. liihasic. oxulic acid with 1 At. iiioiiobasic 
acetic lU'id fmins liiliasie (arfaric acid (2 I-1 —I =2); and t At. c.'mlie. 
acid witli 2 At. ai'ctie. acid form tcriiasic cilric acid (2-|-2—I 

fiiistly, ill favour of flii.s view may bo addiieod ltoIiii|net'.s olaurvalioii 
tliat tlio dry distillalion of citric, uinl tartaric acid, yields a.eelonc, a miIi- 
fitauco wliiidi is scarcidy over nliliiiiicd excepting by ilm dry di.'itillatioii of 
acetates,• hence citric aci<l prolmldy contain.s nccliii acid ready formcil. 

On the other Iiiind, it must ho rumomliorcd tliat sugar likewise yield.! 
acotinio; and tliat iminy comiioiinds, when snbjectod to dry di.slillalion, 
yiedd acetic acid as a product of dccompositum, whicli tlicn, by tho fnrtlicr 
action of boat, especially in pvosouco of charcoal, may ho ennvortod into 
ncetimo; -rnoroovor, tliat many other compounds, both acid and neutral- - 
woody llliro for oxiinnilo - yield oxalic and acetio acid when fused with 
liydratn of potash, whence wo might also infer tlio prc-cxistence of o\alic 
and acotie acid iii tliciii.—Uoiice it a]ipcarM Unit the facts adduced in 
favour (if .Duiims' tlumry do md. really prove iinytliiiig; and since tbcni 
arc no Ic.ss violent luidliods liy which larfiiric, anil citric, acid can be cmii ■ 
^’er(aul into exalic, and iwctie aeid, tlio idder llmnry, tliat tart uric and eitric 
acid am simple ergaiiiccmiijieiind.s, must be allmn'il te i-elain its idace. It 
ia tho prcdis[i(i.siiig alliiiity of tlio potash whicli fein|iclu the atoms of the 
tttrtario and citric acid to iiiiilo in miw proportions, thcndiy producing 
strongor aoithi, which are cainildo of biiturating a greater uumlmr of atoms 
of potash. 

QarlmrdUs rappositlori also, that many numobasic acids arc copnlatnd 
compounds, formed of two TuonoboHio acids, cauuofc bo admitted, morely 
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from tho result of fusion 'witli liydrate of potaslij until moro conyincing 
facts are adduced in its favour. 

The Salts of the Organic Acids, in their utmost state of dryness, are 
constituted as follows, according to the base-saturating power of the 
acids, and the acid-saturating power of the bases. 

1. Tho salts which ammonia forma with a monobasic acid contain, in 
tho perfectly dry state, 1 At. Ammonia -t- 1 At. Acid, as it exists when 
dried per se = 1 At. Annuonium -p 1 At. Acid (dried per se) — I At. 
Hydrogen = 1 At. Oxide of Ammonium -p Hypothetically anhydrous acid. 
Acid ainmoniacal salts of monobasic acids are rare, and have not been 
much examined. 

With a hibasic acid ammonia forms a normal and an acid s.alt. Tho 
former in the dry state = 2 At. Ammonia -p 1 At. Acid (dried pei- se) = 
2 At. Ammonium -p 1 At. Acid (dried per se) — 2 At. Hydrogeir = 2 At. 
Oxide of Aiumouium -P 1 At. hypothetically anhydrous acid. Thus nor¬ 
mal tartrate of auimouia = 2NH2 + C^H»0'^ = CHr‘(NH‘)=0'2 = 2NH'‘0 
-pC"H'‘0“.—The acid salt = 1 At. Ammonia -p 1 At. Acid (dried .se) 
— 1 At. ammouiiim -P 1 At. acid (dried perse) — 1 At. hydrogen = 1 At. 
oxide of ammonium -p 1 At. acid, from which only 1 At. water has been 
oxpollcd. Thus, acid tartrate of ammonia = NH^ -p = CH1®(NI-H) 

0‘* = NH‘ -p C«IHO». 

2. Tho compounds of basic metallic oxide,s, MO, with org.anic acids, 

may, in tho dry state, bo regarded, according to tho substitution-theory, 
as tho acid dried 2 >er sc, in which 1, 2, or 3 At. hydrogen arc replaced by 
1, 2, or 3 At. metal, according as tho acid is monobasic, bibasio, or ter- 
basic. When those salts arc produced by bringing a metallic oxide in 
contact with tin acid, 1, 2, or 3 At. water arc given off, being formed 
from tho oxygon of the metallic oxide and the hydrogen of the acid. 
When, howevor, certain metals dissolve in aguoous acids with evolution 
of hydrogen, we may suppose that this hydrogen docs not proceed from 
tho water, but is expelled by the metal from the acid itself. This view, 
formerly jiroposod by myself, that, in the formation of salts, tho hydrogen 
of tho acid is replaced by a metal (p. 20), is likewise preferred by 
Liebig (A?;ra. Pharm. 20, 113). A.s many atoms of hydrogen replace¬ 
able by a metal as .an acid contains, so many atoms of base does it 
require (according to Liebig) to form .a normal salt, and accordingly it is 
.said to bo mouobasio, bibasic, &c. According to this view, an acid con¬ 
sists of hydrogen replaceable by a metal, together with a radical; thins, 
according to f.iebig, tlio formula of monobasic pyromcconic acid i.s 
QKippO",!!; of bibasic comcnic acid, and of tcrbasic mcconic 

acid, C’‘HOi‘,I-P. 

According to tho radical theory, on the other hand, an acid perfectly 
dried per se, contains as many atoms of basic water as there arc atoms 
of base in tlio normal salt; and in tbo formation of the salt, which is 
likewise to be regarded as a compound of tbo base with a kypotbctioally 
anhydrous acid, the water is driven out by the base. According to this 
view, the water is an eduot, but according to the former view it is a 
product. 

Crystallized benzoic acid, for example, is, according to tho .suljstitii- 
tion-tbeory, C’*H“,0'‘ (or C''‘H®0,HO*); according to the radical-tlieory, 

* Tlie term Jla.se-sainratini/ power denotes tlie mono-, W-, or terbiisio nature of the 
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iim 
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HO,C^^IPO^. Its silver-salt is, 

C“IPAg, 0 ^ (or C’*IPO,AgO^)i lor, 

c»H»o'+Ag-0=ci'mvgo' +no. 

According to the radioal-tliooiy, tlio silvor-salt is A "'0 • f 

Benzoate of silver crystallizes in this anhydrous shio ,■ 
■afiacous solution; many other salts rotaiii a certain nun I,'or ' 

wafer, ivhich they do not give up till heated to ‘>(U, ' . J 

o ilers again this dehydration is impossible, he n, ^ f f 
which It requires is above that at which ti n snC I,. / 
benzoate of baryta, dried at 100 “, Sis l ^ 

talhzafion, or, as is more pMl^ my£ 

combined with the baryta, and substitiiHon .‘'I 

water is expelled at a heat above 100“ X Sr'll. 

the fact, that the salts may be obtained it. fhni i «''|'l't’i'(<id bv 

temperature, in proportioTi as tl o ,eLni 'd: n, Inweil 

l>%her degree of nil tf” i’cnzoato of barvfn ■ 

^-rriiSSi" 

S^aTThtyff"*^ MO, 

. salts are more nV ^ 

■ a base united wiS 7 «>cy contain 2 n 

«d PomTll ^»Hn£ron',.';!; 


not 
■over, 
poliisli 


'«“■ i. s;o,gK.„fc 


sWlic oxide. 

bO,C*H“0». 


‘ 0 » 3 A, 1 

m OMdo, accord' 
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ing to tlio iwlioal-tlioory. Moroovov, many bibaalo acida fonn aoiil waits 
■with various motallio oxides, os witli potash, soda., baryta, struiitia, liaio, 
magnesia, oxiilo of copjjor, &o. In this case, only 1 At. of oxido ontora 
tho aoid, and only 1. At. of ■water is expelled. 

In tlio case of tartaric aoid and its two coinnounds with potash, tho 
formnlto, aooordiug to tho two thoorios, are a.s follows: 

Torlai'h ncM. Acid Polmh-sall. Nnrmnl Pitlnsh-nalt. 
SutiatitHtlon-tlicory: C«ll»0'“ C«) I'K-O''-' 

Riidioiil-tla'ory: 21I0.C«I1''0'“ ICO.lIO.C'UlO'" 2K(),C"tO()''' 

In tho add salt, tho substitutiou-thoory Hn[)po.soH that one of tho two 
roplacoablo utom.s of hydrogen in tlio aoid roniaiiis naaltorod; n.ooordiiig 
to tho radical-theory, ono of tho soparablo atoms of water roniain.s. 

Bilmsio adds often form double salts, in which 1 At. If i.s replaced by 
ono metal, and tho roinaining At. II by anothor; or, according to tho 
radicnl-thoory, ono At. IIO by ono motallio oxido, and tho roinaining 
At. HO by another oxido. Thus, tartrato of pola.sh and soda™ 
C"IHKNaO‘\ or=KO.NaO,C''H-'0>". _ . , 

JktsiG salts am rarely forniod by bibasio acids; many coinponads ordi¬ 
narily HO called ought rather to liii regarded in a dillbmut manner, as 
will lio fnrthor oxplainod in tho speeial part id' tho work. 

A torbasic, acid oxhibits oormsponding rdatioiiH; bat inasmindi a.s it 
ooii(a.inH At. 11 mplaceablo by a niotal, orli At. id’ basic, water, it is 
capable, acoording to circuinMlaneos, id’ forming with tho samo baHo, 
three dilferont kinds of salts, viz., a nornml or torbasic, a bibasie., and a 
nnmobasio salt; o. y., dtrio add with pidiish : 

Citrle neid, Miinuluisie, lUhmir, Trrhmii', 

SulistiUillim.llR-ory. f.'diso'-' C'aiRKd" (:I811"IC“()" C'-'ltMW)" 

llnaicttbllirory I KC),2II(),C'-'llH)n 2ICt),nt),(:i-dlH)i' ;ilCt),C;'''U''()ii 

It is romarkablu that thoro urn no known Halts of organio torbasic 
aoids containing two or threo metals, although ferbasio phosphoric add 
oxhibits Bovoml snoh examples. 

Metallic oxides of tho formulaM*0, such as tlio grey oxido id' morciiry, 
appear to comport tlioiiiHclvos with organio acids iii tho sumo mannor as 
those which liavo tho formula MO. Thus, for ono exinuple, mercurous 
acotato=CHI''irg‘0*, or l[g'd),C*IHO“. In tliis casi', the sahstitutiou- 
thoory obliges us to HU])poHC that III is riiplacuil hy illlg. h'urther iiives- 
tigathm is, liowover, vmiuirud. 

ThoKo uKitaUie oxides which contain fl At. id' oxygen to 1 or 2 At, 
of inotal, exliihit a diU'eront relation to organio acids. 

Urania oxide, U^O'', in comhiuing witli acidic add, exjicls 1 Ah. water, 
and forms tho anhydrous salt or U''OV)‘U“0\ Tho (irst 

foniiula (loos not accord with I’oligot's viow, that nvanyl^UKP is to ho 
regarded as a inolalloidal compound (IV, 1(10).—In tho conibiualion of 
urunio oxido with tartaric acid, no water is oxpcdlod; for tho salt dried 
at 200' is eomiiosod of 2Kimilarly witli oxalic add. In 
all these eombliialioiiB with organic adds, just ns in its inorgaiiie etnn- 
pounils, uranic oxido is mono-acid, not tor-add, although, aeeordiiig l.o its 
llirco atoms of o.xygen, it niiglit bo oxpootod to roipiiro A t. cd' a imnio- 
basic aeiil. 
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f ]] • formulas (iu radical-theory, oxalic acid is supiiosocl to bo 

monobastc): 

. orcnrTcon + c'KfCr^o^ios c'irKO" + c'ii(Ci-'JfPini 

Substitiition-theoiy- t ^.,^3, ^ CrW.3C20»,2Aq. K0,C'0"-l- Cr-C)^:iCS<)“,2A(i. 

RiitlicflI-tlieory; . 

• 'I' • tlicreforc to uranic acoLatc. 

similar Qxido, in combining with most acids, (loos not appear to drive 
t water- but with pyromcconic acid, C‘"II‘0“, it forma a rod cryatiil- 
r” "Til which when dried at lOO-*, has, according to tho radicul-tlioory, 
tim formula F6=0^3(C‘“H^0‘), i.e., 1 At. forric oxido to 3 At. liypotlmti- 
nllv anhydrous pyroniooonio acid, and, according to tlio aubatitiition- 
tliporv the formula G-^lPFo^O*"] this supposos that iu 3 At. pyromu- 
Sid, SHare rojdacodbyronW^^^^^^ 

Antiniouic oxide, m certain double salts, oxliiints a romarKaolo rela¬ 
tion which is most pilainly .soon in the case of tartar-omotio. 'I'lui cry.s- 
talli'zed salt loses 1 fAt. water at 100^, and 2 At. inoro whon dried for 
some time in a current of air at 200^ In those two statos it lias tlio 
following composition : 

CryslallUcd. Dried at 100°. Dried at 200". 

Substitution.theory: CsiI‘K(SbO^)0'=s-Aq. C«lFIC(Sh02)0>3 C»Iin<SbO‘3 

RadicaUtheory: KO,SbOS,C“U'0'»-t-Aq. ICthShO^CWO™ KO,!SbO'',C>'lin)" 

In this salt the antimonic oxido enters, like uranic oxido, not as 11 
ter-acid but as a vnotio-acid base. According to the substitution-tlmury, 
one of the roplaooablo atoms of hydrogon in tbo salt dried at 100', is 
replaced by K, the other by the coniponnd SbO“, not known in tlio Hopa- 
j-ate state; arid the orystallizcd salt lUcowiso contains 1 At. of water of 
crystallization. According to tho radical-thoory, tlio two atoms of hasio 
water in the tartario acid aro replaced by IKO and lSh0“. Witli regard 
to tho salt dried at 200'^, whicli, whon rcdi.s.s(dvod in water, forms a solu¬ 
tion of unaltered tartar-cmotic, tho sub.stitiition-tlioory must, I think, 
admit the following explanation: Tartaric acid, C"H"0‘= (=0''ll'’0",f)''l, 
heated to 180° by itself for a long time, p.-isso-s, with hws of 2110, into 
tartario anhydride, C^IPO'” (=C'*lPO",0-‘), which gradually rodiHsolves 
in water, yielding a solution of tartario acid. And us Lartiir-emotio 
dried at 100° is tartario acid iu which 211 aro rojilacod liy K(SliO'^), so 
likewise tho salt dried at 200", viz., C'*IPK(Sb()“)0",0''* is tartario anliy- 
dridewith the same substitutions. Anothor explanation would ho timt 
tho 2HO which go off at 200°, aro formed, not from 20 of tho acid, 
hut from 20 of the ShO“; if this bo the case, CTPK.Sb0",0‘ will romaiii; 
hut this residue, since it contains 40 without tho nucleus, slumld bohavo 
like an acid, dhe radical-theory docs not so roiidily affoi-d a Hiitisfactory 
explanation of this change. According to this Lhuory, tartario arid, in 
its driest state, is C^IPO''’; henco tlio salt dried at 20:)' must bo supposed 
to contain a peculiar acid, C“IPO® (tho formula of mollitic acid dried 
fersa)-, and yet when digested iu water, it is roconvortod into ordimirY 
tartar-emetic, and no ovidonco whntovor cun ho ol.taincd of tho prcaoiico 
of a peculiar acid.—Arsonious acid, AaO\ hohavos with potash ami tartario 
acid, just like antimonic oxido. 

o hand, antimonic oxido forms, with torbiisic citric 

acid, C H 0 and potash, a salt which, when dried at 11)0' iiiav bo 
Wsed either by C“lPKO»-pC™bO». or by 3KO,C''TPO>'-kgbO«, 

n u . in this case, a tor-aoid boaio unites in o^ual nmabor of atoms 
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with a tnrhuHUi iu>iil, mul all tUroo atoms of axy;j;(Ui. in tho luuso aro 
oxpollcil as walor. 

(ii'i'lianU ili’iioti'H all wucli oompouiuls of organic aoids with mctullic 
iixiilcH of tho I'ormH IMH)'* and MO*, hy tho torni Kvirtia> (although, 
acconliiig to the above obiiorvatioiia, they often lUllor from tarta r-imiotio 
ill every rcHpect). 

The willM of organie ae.itlK are <liMtinguiahe<l from (Iioho of uuirgiuue 
acida liy tlioir ludiavimir in the lire. Home of tlieiii, Hiieli hh tlio ainmo- 
11 iaeal .salts of llie more volatile aeids, evaiiorate iiiiilecompoHcd; otlior.s, 
Hindi a-i iU'i'laUi of aluinina, give oil’ the acid in it.s original state ; ami a 
very few, aiiioiig wliieh iiiiiy ho menlioiiud cyainite of imlasli, remain 
iiimltered, even at a red-lieiit, if Icojit from tho ii.ir, Imt evolve eiirhoiiie. 
acid if the air has iiece."<H to them, lint by fur tho greatur niiiiiher of the 
saltH of oiganic. acids are resolved liy dry diHtilhU ion, sometiiues into 
carhoiiic acid, n'liti'r, and more simple orgaiiie Hiihstiuice.s, smdi as 
ketoncH, live. (p. Ii'Ki); Imt Kometimes, especially if llie beat be smldenly 
applied, ibey undergo more I'oinplex decoinjaifiitions, in wliieh lliey ovidvo 
carbonie ueid, carbioiie. oxide, mar.sb gas, eiiipyreiinialio oil, and, in ibo 
ciiHO of ii/.oti/.ed liiidies, atso earbonale of annmiiiia, and a Miiall ijUaiility 
of hydroevnnie acid, and all (exci'pling Llie exiibile.i) leave a coaly 
residue. In this residue the base may exist in the following slate., 
iieeoriliiig to the leiiaeity with wliieli it relaiiin its oxygen, ami the 
.Hlreiiglb of its uHinily for earlieiiie ueid; viz., loi a earlmniUe, wliieli is 
ibe ease with iiolaoli; lo. juiro luise, c, </,, nmgiie.sia; an a melul, c, y,, 
('o|iper; and, finally, as a I'yiiiiide, as when (be eom|ioiiiid o|' a. fixed 
alkali with a ai(ro;;eiieas iieid is npiileil oat of eoiilaet of air, 'I'lie miiIIh 
( d' oi'gaiiie aeids are also diHliiigaisbeil by tills poeiilhirily, that many of 
them, when kept for some time in llie mIiUo of dilute solalieii, are ilciiom- 
peiicd, with fornia.lioii of nudumie. ueid, mould, and miluiis. 

d, C'uiniitntndH of A'uvici vnlh iS'tdji/iuv. 

TIichc! compoundH arc analogouH to lIioHe ef o.xygon, Imt iih tliuic 
iininber is 1ml himill, it is Nunieieiit lo onuimirate I bo principal of Ilium, 

A iiiudens may combine; 

1. With IbS, I'oriniiig a. eoiMpoiind eocrciHpoiidiiig loan idbec (and clesig- 
niileil in tlio aalbor'M system by ibe term <SVA«'f7i7 ii/'rv). 

‘7. Willi 1 I S'', eonei ponding to an uleohol ( .l/iri'O/itiiioi). 

;), Willi llS’kwitb ll.S“,nud with 1 forming coiii^aainds wliieh reipiii'o 
fiiiilier examination. 

■i. With CIS. 

."i, Willi a At. Hiilpliur, corresponding to an tildide. 

(I. With 4 At. Hnlpbiif, correspoiiding to a inniiobaHic acid, lint no far aa 
Is yet known, not exhibiting acid properticn. 

(t'tl'-ilI.S .Siil|iliiilo of Mctliyl iHrlmcfd fnoiwft'rt 

CMlkiln HuljiliWc of I'llliyl ISrliWtW-Vimifrrl 

('‘Cp.II.n CtuAiIrorlitorurcUcn Hiilplitdc of atliyl ilVtluoiicki 

f'll' Vr.H.S MmioKuIplililo of (liiEoilyl. 

(;"'II"',1I.S .SMlpliiilo of Aiii)d (.sdeefttMiliirir; 

t’ Mclltyl.mofoi»pliiu. 

l'-ll<,llJ.s- Mirc.n)ilnn. 

Amyl-mcrmiilnn. 
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C-H'jHS- Bisulphide of Methyl. 

Cni2,HS’ = CniS,H2S2 Tei-sulphide of Methyl. 

C^H^Ar.lIS^ TerauipUide of Cacodyl. 

C^CP.CIS Sulphide of Chloride of Carbon [['’ukaforraolc]- 

C'H‘‘,S- Bisulphide of Ethylene [=l'cvino]. 

Bisulphide of Benzene f^pobuuzc]. 

C'H^iS' Tetrnsulphide of Etliylene [=Foviiio]. 

Tellurium, wliicli is an analoguo of sulpliur, forms the Tcllurido of 
Etliyl, C^H‘,HTc. 


e. Compounds of ilia Nuclei loitJi Iodine, Bromine, Chlorine, or Fluorine, 


These elemonts, if attached oxtovnally to the nucleus, take the place 
of oxygen much more frequently than that of Iiydrogen. The compounds 
thus formed exhibit relations analogous to those of the sulphur-com¬ 
pounds. The best known compounds belonging to this class are the 
following: 


Crude 


Formula. 

Th. 1. 

Th. 2. 

C-'H'P 

II 

O 

= CIPI.III 

C^HM 

= CHICHI 

= C^HI.IF 

cniH 

= C2H1,H 

= cnMii 

CJI-HI 

= OTIM-II 

= C‘H»I,H2 

C“n"I 

= CWII^HI 

= C‘»H«I,IH 


Moniodurettod Hydriodic Ether 
[Sclici'iiic]. 

Iodide of Metlryl [lod-Formafor]. 
Iodoform. 

lodiile of Ethyl [lod-Vinafcr]. 

Iodide of Methyl [loa-Mytofor], 


CnHBr 

= cnH,lIBr - 

C^HBr.H-! 

C^ITBi-a 

= Cn-lBr,Br2 = 

C^Br^.HBr 

CniHBr 

= C^HDr.H = 

C^H.HBr 

CiH«,Br 

= CH'.IIBr = 

C'Il''Br,ir- 

CHI'Br 

= C'HhUf-i 

C'lh'>Br.HBr 

C‘“H“Br 

= C'''H'o,HBr = 

CTHBrJia 

C'“HSBr2 

= C'ni«,Br'-' = 

C>»IHnr,HBr 

C“H"Br" 

= C“H«Br= Br' = 

C-'iIHBr'.IHBr-' 

C=oi-I»Br7 

= C2»IHBra,13r‘ = 

C=»IHBi-5,ll=Br= 

C28l-ii3j3r= 

= C«H'3 Br^ = 

C®H"Br,HBr 

C2ni'>Cl,Br!'= C=aH“Cl,Bri = 

C=8H'“Bi",HCl 

CiSHOBi-c 

= Cini“,Br» = 

C'^IHBr’.H-'Bi-’ 

caiHCl 

= cnis.iici = 

cnici.H-! 

cn-i2ci= 

= cni=,ci= 

C^HCl.IH 

CHICP 

= CHICI.CP = 

C^CP.ITCl 

C=1IICP 

= C=HI,C1-’ 

CHCl.HCl 

C^CP 

= C=CP,C12 

C=C|2,C1= 

C‘1HC1 

= CHH.llCl = 

CHHC1,H2 

C'lHCP 

= CH'.CP 

C'lPCl.UCl 

C'lHCP 

= C‘IHC1,CP = 

C'IHC1=,HC1 

CH-PCP 

= C'lHCP.Cl- = 

cniciMici 

O'HCP 

= C‘HC1»,CP = 

C'C1‘,ITC1 

c-'ci® 

= C'iCP,CP 

C‘C1‘,C1= 


Bromide of Methyl tBrom-Formafer]. 
Bromol'orm. 

Bromiodoforin. 

Bromide of Etliyl or Ilydrobromio 
ether [Brom-Vinarer]. 
or Cli^Br^,!!-, Monobromuretted 
Hydrobroniio other [trevinc]. 
Bromide of Methyl [BroMi-lIjIafcr], 
or C'''lI'’Bi"H“, Bromostyrol. 
IProduced from Naptlmlino by Bro- 
I mine. 

or C®lI‘'’Br-,tI-, Bromoatilbene. 
or C''“lI''ClBr®,IP, ISromnre de C/tlo- 
eiilbaee, 

Bromobenzeno [Mauruiiu]. 

Chloride of Methyl [Chlor-Formafcr]. 
or C^C1-,IP, Monoohlorurettod Chlo¬ 
ride of Methyl [Kcrornic]. 
Chloroform. 

Cidoriodoform. 

Bichloride of Carbon [ICeronnek]. 
Hydrochloric ethor, or Chloride of 
Ethyl [Clilor-Viiinto-l. 
or C'IHC1S,H=.* 

or C'HCl'tl-H ] Hydrochloric ether 
or C''C1'',1H > with Cl subati- 

J tuted for H. 
Scsquichloride of Carbon [Kovinok]. 


♦ This formula belongs to two isomeric compounds, the nil of oleflunt gas, and tlio 
compound formed from hydrochloric ether by the substitution of 1 At. Cl for 1 At. H. 
Tlie former is decomposed by potash and alcohol, the latter not; lienee tlio former 
should perhaps be denoted by one of the first two foruiultc; the latter by the third. 



COPULATED COMPOUNDS. 


213 


Crude 

Formula. Th. 1. 
C“H"C1 = Ci»[l>MICl = 

= C"»I-P,C1SHC1= 

C-“H»iCl = C32ri.t!,HCl = 

Ciil-I''CVi = C’'H0C1=,C1- = 

CMhucI' = C=»H“CP,CU = 

O:oiini5,.2ci2 C=»r-I“Bi-2.Cl= == 

= C^l-UCl.Cl'' = 

C“I1«C1« = C-''II'’CU,CV‘ = 

ci'ir^cu ci'ivci.cH = 

C'lP’CP = C''H6C1»,C1' = 

C"U"C18 = C1'U'!C1=,C1'’ - 

C?1DF = CnP.HF = 


Th. 2. 

C‘“I-PCI,H® Chloride of Amyl [Clilor-Mjlnfer]. 
C'“HCl®,ff The same, with H replaced by Cl. 
C®H3'CI,H" Chloride of Cetyl [Ciilor-ZitafcrJ. 

CMIPCF.HCl or C'>H'C1',W, Chloride of Toluol. 

C2"H=C1».1IC1 1 

C^IPBr-CI,IICl [compounds obtained from Naphthalin 
C™1PCUH-,CU f by the action of Chlorine. 

c™n-'ci'',im= J 

C’''H?CU,H-Cl- 1 Obtained from Toluol = CUP by 
C’-'I-PCl'Ml-CU V chlorine [=Kotol lilt, Kotolilc, mid Kau- 

CTPCl^lFCP J lalek], 

C'-ilPCF.lPCF Chloride of Benzin [Kmifuiu]. 

C-1IF,H= Fluoride of Methyl [Flaor-Forninfor]. 


C. Copulated Compounds. 

This torm is applied to a peculiar class of coiiipouiiJs, formed by tho 
union of an oi'o'aiiic .subslaiiee with another body, oithor organic or inor¬ 
ganic, generally with sopar.atiou of 2, 4, C, or 8 At. HO. In tboso com¬ 
pounds tlio characteristic properties of tho two generating substances 
{Corpn gcniraie^irs) arc often completely masked. 

A copulated compound is usually regarded its a coin]>omid of tho two 
residues left from tho two constituent compounds after tho removal of a 
certain numher of atoms of water’. But tho presence of those residues 
in tho copulated compound cannot bo discovered by tho reactions which 
they would exhibit in tho freo state. Wlion tho copulated compound is 
decomposed in irrc.senco of water, these residues are not separated in tlio 
free state, hut take up again the water which they have lost, and are 
rcoonvortod into tho two substances from which tlroy were Ibrniod by 
elimination of water. 

Ilenoo it is most probablo that, in tho formation of tho copulated 
compound, the atoms of tho two substaucos left after separation of tho 
water, attach theiusolvos to oaoli other in such a nrannor, that the original 
mode of combination i.s moro or less destroyed, and consoquontly tho 
sirhstances can no longer exliiblt tho rcaolions which formorly belonged 
to tliein. ' 

Since, liowovor, notbing is knowrr of tbo rrrannor in wbich tho atoms 
of tlio two residues aro united in these copulated compounds, wo content 
ourselves with indicating tbo two residues in tbo formuhij this, however, 
must not bo understood to imply that tho two residues nctnally exist, as 
such, in tlio copulated compound. That rcsiduo which oxhihits an indif¬ 
ferent character, that is to say, iicithor acid nor basic, is called the 
Copula, 

In tho distillation of wood-spirit, with oil of vitriol, IiO,SO^, 

two atoms of water arc separated, and sulphate of niotliyl, C’‘H®0,S0'', 
passes over. This oil has no acid reaction, and does not precipitate 
baryta-salts; but in bot water, it is immediately reconverted into wood- 
spirit and aqueous sulphuric acid. Tho radical-theory is in error in 
ascribing to mothylio other, supposed to' exist in this oil, a hasio 

character, by virtue of which it neutiulizes tho sulphuric acid; for this 
C“I-PO, whicli is a gas, does not neutralize dilalc siiliihurio acid, and is not 
oven absorbed by it. [For further observation.^ on tbi.s point, vicl. Ethers 
of the third class, p. 210.'] Tho formula, CHPO,SO’, thoreforo rests on a 
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more fiction. More correct, perhaps, is the formula given by Gerharclt 
(Ann. Ghirti. Fhys. 72, 180), viz., C“iP(S0*)0-, according to which this 
compound is wood-spirit in which IH is replaced by ISO'^. Another 
formula by whioli this compound maybe expressed is C-I-P,HSO‘‘. Wo 
may imagine the atoms C“H*, grouped in the form of a square table (p. 37), 
having IH attached to its upper and IS to its under surface, while the 
40 are attached to the four edges of the table, so that the sulphuric acid 
no longer retains its own proper nature, but is merely present in the 
compound by its elements, and may, therefore, under certain circum¬ 
stances, bo reproduced. It is only because such hypotheses are at present 
without satisfactory foundation, that tho more common and simple formula 
C'‘tP0,S0“, is retained, although it by no means exi:)rcsses tho real consti¬ 
tution of tho compound. 


a. Acetones in general or Ketones. 

These compounds are all produced by tho dry distillation of different 
salts, which monobasic acids form with fixed alkalis. This reaction 
has been already explained (p. 136). In the caso of acetic acid, the same 
decomposition is produced by the mere aetion of a red heat: 

2C'n^O'‘ = + 2HO + 2C02. 

All kotonos are highly combustible, neutral coihpounds which float upon 
water volatilize without decomposition, and with the exception of mar- 
garono, which is crystalline, are watery or oily liquids. 

_ Chancol (Qonvpt. vend. 20, 1580) suggests that ketones are not 
primary organic compounds, but copulated compounds, made up of tho 
aldido of the acid from which they are produced and a hydrocarbon con¬ 
taining 20 and 2H less than the nucleus of the same acid. Thus: 

C HO = C HO+CH 

Acetone . 602 4 4 2 22 

Metacetoue nr Propione 10 10 2 6 C 2 4 4 

Butyrone . 14 14 2 8 8 2 6 0 

ValBrono . 18 18 2 10 10 2 8 8 

Benzonc . 20 10 2 14 0 2 12 4 

Campholono. 38 34 2 20 18 2 18 16 

Margarone . 06 60 2 34 34 2 32 32 

If acetone were a primary organic compound, it should he regarded ns 
tho aldido of propionic acid, and should ho converted into that acid 

by oxidation with chromic acid, &c.; instead of which it yields a number 
of other ])roducts, and chiefly acetic acid. In a similar manner, when 
passed in tlio state of vapour through a l)ot luixturo of lime and hydrate 
of potash, it yields, according to Gottlieb, acetate and formiato of potash, 
which corresponds exactly with Chancel’s view, since the aldeliyde, 
C'‘I-P,0*, may ho thereby converted into acetic acid, and tho methylene, 
C“IP, into formic acid. Similarly propiono, C“H'“0” = C°H“0^-|-C'*I-I*, 
when oxidated by chromic acid, yields, not valerianic acid, but propionio 
acid, C“H‘’,0'', and acetic acid, CWO*. Formic acid cannot yield any 
peculiar ketonoj for, according to the preceding, this compound would bo 
C^IPO^ (tho unknown aldido of the mothylic scries) -f- CT'P—0*H“= 
C^lPO’j- that is to say, tho ketone of tho mothylic series would be iden¬ 
tical with its aldido. (comp. Chancel.) 

Tlio ketones may likewise be regarded as compounds of the aldido 









of the decomposed aoid with the alcohol of the series next below, minus 
2 At. water; e.ff., Acetone = C^H^O’+CTi'O^—2HO.* 

But all ketones differ in many respects from other copulated com¬ 
pounds; e. g., with regard to their modes of formation and decom¬ 
position. 

With those ketones may perhaps be classed chlorobutyroue, C^'^H'^Cl, 
which is produced by tho action of pentachloride of phosphorus on buty- 
rone, and is probably C®H® + C‘'H“C1; i. e., a compound of two 

nuclei in which IH is replaced by ICI. Similarly, with Laurent’s Thion- 
essal, which may bo derived from benzone=:C^'‘I-P-l-C^’*IPS. 


b. Compound Ethers formed by Oxygen-acids \_Ester']. 

Ethers of the Third Class. 

Many oxygon-acids, both organic and inorganic, act upon tho alcohols 
in such a manner that water is separated and a neutral volatile othoroal 
substance formed, which may be regarded as a copulated compound of the 
alcohol and tho acid minus water, or according to tho radical-theory, as a 
salt in which an acid is combined with an other. 

A monobasic acid forma an ether of tho third cln.ss with 1 At. of an 
alcohol, 2 At. water being separated (comp. pp. 201, 201). If however a 
minor.al acid bo supposed to bo in tho anhydrous stato, only 1 At. water 
will bo separated. 

Thus alcohol, C'tF'O'', repeatedly distilled with acetic acid, C'‘I-I'‘0'‘, 
yields 2 At. water and 1 At. acotic other = C®H®0'h An attempt to ox))lain 
tlie manner in whicli tho atoms arrange thomaclvos in tliis formation of tlie aompouml 
ctlier, has already been given (p. 35). For tho instance of wood-spirit and sulphuric 
acid, vith p. 214. 

When a bibasio organic acid forms a compound other, 2 At. of alcohol 
unite with I At. of tho aoid, with separation of 4 At. water. Thus, with 
succinic aoid; 

aClFO* -r esHso"- 4HO= C'H’iOS. 

If only 1 At. of the alcohol were to unite witli 1 At. of tho bibasio acid, 
the resulting compound would be a copulated monobasic itoid. 

Lastly, 1 At. of a terbasic organic acid requires 3 At. of an alcohol, 
and C At. water are eliminated in the reaction. Thus, with aconitic 
aoid; 

3C'II“02 + C‘ni«0'2 - OHO = C»'H'80'2 = 3C''H50,C>2H»0». 

Of the 2HO produced from a monobasic aoid in tho formation of an 


* Tlicy may also bo regarded as salts formed from the aldidos by the substi¬ 
tution of tho radical of tho next lowest series for 1 At. hydrogen, e.g .: 

Aldehyde = C' ; Acetone = 

A similar view may be given of tlie compound or intermediate ketones discovered by 
■Williamson (p. 137) j thus, the compound, obtained by heating a mixture of 

acetate of soda and valerate of potash, may bo regarded ns tho methyl-salt of valeric aldide, 

C“ “ *'*'® butyl-salt of common aldehyde, tulopting tlie 

• formulte and atomic weights used by Williamson and Gerhardt: 

<^*^''01 cni''oi. 

' H J *’ ™ CH^ t ’ 

CHPO) cn-l“01 
CH“ f~ c'lP r 

(Williamson, C7ic»i, Sac. Qii. J. 4, 234 i Gerhardt, Ann. Pharm. 83, 115.) [W.] 


Aldehyde 
Intermediate Ketone 
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otlior of tho third class, IH and lO arc probably derived from the alcohol, 
and tho rest from tho acid. When the acid is bibasic, 2 At. .alcohol yield 
2H and 20, and tho acid likewise 2H and 20 ; and similarly -with a ter- 
basic acid. 

Accordintj to Gorhardt, on tho contrary (pp. 75, 7G), all the H of 
tho water produced jiroccods from the alcohol, and all tho 0 from the 
acid. TluiH, for example, his nleohol-rcsidno=C'‘H‘'0^—I'P=C'‘H'‘0^=E, 
anil his ncetio acid-residue = G''H‘0“—0^=C'‘IT’‘0“= Ac [therefore = E 
and — Aldi'hydc!]; in acotic ether, therefore, C'lPO® would bo coupled 
with C''l['()'h Ho iiitiinato a combination of two perfectly similar coni- 
poimd.s is lioworor liip:hly iinprobablo. Still inoro improbable is it that 
Hindi a e.miijiiiimd hIiouIiI ho ro.solvcd by potash into alcohol and acetic 
acid, Hecdii;^' that tho boliaviour of caustic potash with aldehyde is totally 
did’enmt. Even when (lorhardt admits, for this reason, that tho carbon 
in acetic, ether oxIhIb in two diflbront forma, wo are still loft in doubt ns to 
how the ai'raiie;(uuont i.s to bo ropresontod. 

Tin) formation of an otlior of tho third class is iiuliicod, not only by 
tho ailliiity whicli may bo supposotl to exist botwcon an alcohol—HO and 
an acid —HO, and by that of H for 0, whicli causes tho formation of 
wator, but moroovor iiy Llio prcdisposinij aflinitjr of an excess of tho acid 
for tho wator tliua produced, Tho stronger tins allinity of tlio acid, tho 
moro roadily is tho other forinocl; bonco tlioso ethers are most easily 
formed by tho stronger luinoral acids. An organic acid, on tho other 
hand, siiieo ite adhiity for wator is inucli loss, must bo used in as dry a 
stato as iioHsiblo, and ropeatodly distilled with alcohol, tho liquid being 
J’l'cijuently iioiirod buck, or boiled for sonio time in a flask, to tho nook of 
wlucli i.H iidaplod an iipriglit tube several foot long, and kept cool with 
wot pa[ior, .so that Llio vapour may bo condonsod and run back {vid.Oxalia 
I'Uhcy), Or, according to Gaultier do Claubry, a non-volatllo acid is 
lu'atoil in a tiilmlalod retort till it begins to decomposo, and the alcohol 
thou di’op[)cd upon it through tho tubulnro {vid. Oxalic Ether). But 
I hough organic, acids, when mcroly heated with alcohol, produce com- 
pouuil others hut vory slowly or not at all, tlio form.ation of thoso com- 
pouuils takes place very easily when sulphuric or bydrocldoric acid is 
lulilcil, ill ciiMHuquouco of tho groat tondoncy of those aoids to imluco tho 
formation of wator. 

In ethers of tho third class, tho acid is complotoly noutralizcd and 
nmskodj it lia.s lest not only its sour tosto and its power of roddoning 
litmus, Imt likowiso all its other reactions. Thus, sulphate of mothyl, 
(!HFO,SO", does not at first precipitate baryta-salts; but as soon ns tlio 
otlier bogiiiH to decoiiqioso, tho roaotions of tho acid bccomo apparont. 

Tho riulical-theory rogurils tlioso compound others ns salts, that is to 
say, a.s eompouutls of a hypotlioticully anhydrous acid with .an organic 
oxide, Kiippii.sed to bo aiialogons to a metallic oxido; e. g,, with o.xido of 
mol.liyl, Gdl'',0 (foi'iuio othor), with oxido of otbyl, C'‘H“,0 tcomnion or 
vinie othor), or with oxide of amyl, C'‘'H",0 (amylic other), tho acid 
hoing eoiiipletoly uoutruliMd by tho bases. But thoso so-callod bnsio 
oxides o.xhibit in other respects no basic cliaractor wbatovor. They have 
no alkaline tasto or reaction. Wlioii brought in contact with acids, they 
do not noutralizQ them and form compound others (with tho single excep¬ 
tion of mothylio other witli anhydrous sulpliuric acid), tlioiigh they ought 
in fact to do so with greater facility than the alcohols, C“H'‘0“,C‘H“0'‘, and 
C'®ir’0’, which contain iH and 10 more. Moreover, in true salts, tho 
aoids retain their peculiar roaotions, whereas in tho compound ethers they 
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do not. Aqtieous solution of potash added to these compounds does not 
separate the so-called base (the ether) immediately, as it does when added 
to the compound of an acid with an earth or a metallic oxide, but slowly 
and often only when aided by heal; moreover, the compound thus sepa¬ 
rated is not an ether, but always an alcohol, inasmuch as the residue of 
tlie alcohol, at the moment of separation, again talcc.s up IH and 10 from 
tlie water, and thus the alcohol is reproduced.* When, on the contrary, 
an other is dissolved in water, it remains unaltered and is not converted 
into an alcohol. Even perfectly dry fixed alkalis, which only act when 
aided by heat, do not separate a simple ether from tho compound other, 
but givo rise to a much more complete decomposition. {Com}'), pp. 213, 

i/n accordance with the idea that ethers of the third class arc com¬ 
pounds of a kind of metallic oxide with an acid, tho radical-theory 
likewise regards the ethers of tho second class {Afer. p. 190) as com¬ 
pounds of a kind of metal with a salt-radical. Thus, C"tPI = CT-P,I=: 
iodide of methyl; C‘H“]3r = CTP,Br = bromido of ethyl; C‘“H‘'C1 = 
C“’H'‘,C1 = chloride of amyl. As pola.ssium, for example, in combination 
with bromine forma bromido of potassium, so ethyl comliiued with tho 
same element forms bromide of ethyl; .and as Pota.ssium-p 0-f NO® forms 
nitrate of potnsli, so Ethyl-t-O-f-KO® forms nitrate of othyl-o.\.ide (nitric 
ether). But against tliia it must be urged that these metalloidal com¬ 
pounds, C'^IP, CbP, and O"*!!", arc not known [yid. alcohol-radicals, 
pp. 170-174], ami that whereas all metallic iodides, bromides, and 
chlorides precipitate a solution of silver, these others of the second class 
have no action upon lt.+ 

From all these considerations wo must suppose tliat tho alcohol-residue 
in tho compound ctlicr, oven if it has tho same composition as tho simple 
ether, difibrs from it totally in the mode of arrangement of tho atoms; 
morcovor, that the atoms of the acid or of tho acid-rosiduc attach them¬ 
selves to those of tho alcohol-residue in such a manner that tho peculiar 
reactions of the acid are destroyed; but that, nevertheless, the atoms of 
the two substances arc not comp’lotely united into a primary organic com¬ 
pound, inasmuch as the compound other is again resolved by aqueous 
alkalis, and sometimes even by water alone, into alcohol and acid. 

In many others of the third class, part or all of the hydrogen may bo 
replaced by chlorine; in some, tho chlorine exerts its substituting action 
principally on the alcohol-residue,—in a few, as in salicylic and anisic 
other, on the acid-residuo. 

Ethers of tho third class arc generally watery or only liquids; a few, 
however, are crystalline. They volatilize without decomposition; some of 
them are lighter, others heavier than water; and they are highly combus- 

* Is not tliis In strict analogy with the action of potash on nearly nil nietnllic salts ? 
When an nllcnli is added to a solution of sulphate of copper, for example, the blue preci¬ 
pitate formed is not tlic anhydrous, but the hydrated oxide; and precipitation takes 
place, because tliis hydrated oxide is insoluble in water. Now when potasli is added to 
acetic ctlier (acetate of ethyl) no immediate separation takes place, because nlcoliol, the 
analogue of the hydrated metallic oxide, is easily soluble in water; and in a similar man¬ 
ner, pure potash does not precipitate chloride of barium, because baryta is solublo in 
water. But when aqueous solution of potash is added to acetate of amyl, acetate of 
potash is formed, and amylic alcoliol separated, because tins alcohol is but sparingly 
soluble in water. [W.] 

t In some cases, however, as in the actionUf iodide of ethyl on pulassimn-alcohul 
(pp. 17, 201) tlio action of these compounds is precisely analogous to that of tho metallic 
iodides, bromides, &c. [W.] 
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tible. They are sparingly soluble in water, but mix in all proportions 
with common alcohol and ether.—Only one of these compound ethers 
exhibits a slightly acid character, viz., salicylate of methyl, inasmuch as 
it forms a compound with potash. 


Tabular View of Ethers of the Third Glass. 

I. Formed from Wood-spirit: Methyl-ethers. [Foi-mester.] 

1. With Mineral Acids. 

= C^I-ISS-O, Sulphocarbomitc of Methyl-oxide. 

Cdl^SjCS^' = C®IPS®, Suljjhocarbonttte of Metl>yl-sulpliicle. 

3C’IPO,BO^ = and C-IVO,2BO^—Borates of Methyl; Boracic 

Methyl-ethers. 

C"I-yO,SO'' = C-IPSO', Sulphate of Methyl; Sulphnrie Methyl-etlier. 
OH’O.NO'' = C^H^NO®, Nitrate of Methyl; Nitric Methyl-ether. 


2. With Organic Acids. 


Alcohol'residue. 
C H Cl O + 


Acid-residue. 
C H Cl O 


Compound Etiier. 
= C H Cl O 
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Formic mctliyl-cther.* 

Chlorinated methyl-ether. 

Acetic methyl-ether. 

Acetic methyl-ethers altered by 
chlorine. 

Butyric methyl-ether. 

Valerio methyl-ether. 

Caproio methyl-ether. 

Benzoic methyl-ether. 

Salicylic methyl-ether. 

Salicylic methyl-ethers altered by 
chlorine. Similarly with bromine. 
Indigotic methyl-ether. 

Anisic methyl-ether. 

Bromanisic methyl-ether. 

Nitranisic methyl-ether. 

Caprylic methyl-ether. 

Elnidic methyl-ether. 

0.xalio methyl-ether. 

Mucio methyl-ether. 

Suberic methyl-ether. 

Succinic methyl-ethers. 

Citric methyl-other. 


II. Formed from Alcohol : Vinic Ethers. [Vincater.] 

1. With Mineral Acids. 

CtH'OjCS'^ = C®I-NS^O, Sulpbocarbonatc of ethyl-oxide. 

C*H®S,CS* = C®I-1'’S’*, Snlirhocarbonate of ethyl-sulphide. 

'CiH'OiCO^ = C®H‘0», Carbonic ether. 

C*H8CFO,CO’ = C®H®CFO°, Chlorinated carbonic ether. 

C®C1®0,C0^ = C^CFO?, Perchlorinatcd carbonic ether. 

3C‘'H*O,B0» = Cni^BO” and C-'fNO,2B03 = C'llSB^O?. Two kinds of Boracic 

ether. 


* Or Formiate of Methyl: it is unnecessary to give the two names in every case. 
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C‘H30,S0’ = C'H-'SO^ Sulphurous ether. 

C'lPO.NO^' = C'I-r'NO>, Nitrous ether. 

C'H«0,N0'^ = C'll'''NO», Nitric ether. 

2C'H»0,Si02 = C»H“SiO>i C''H«0,Si02 = C-'H6SiO«; ntid C'<tP0,2Si02 = C‘H»Si!>0’. 

Three Icimls of Silicic ether. 


2. Organic Acids. 


Alcoliol-residue. Acid-roaiduc. Compound Ether. 
C H Cl O + C H 01 O = C n Cl O 
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Modified hy chlorine. 
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Modificntions containing 
chlorine. 
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= C'Cl''0^=CliIornldehyde. 
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Acrylic ether. 
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Butyric ether. 
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Chlorobutyrie ether. 
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Cuproic ctlier. 
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Benzoic ether. 
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.Snlicyllo ether. 
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Jmligotio other. 
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Anisic ether. 
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Bromuitisic ether. 
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Nitruniaio ether. 
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Cuprylic ctlier. 
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Cinnutnie ether. 
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Chloroxnlin ether. 

8 

Ifl 


2 

8 

2 


0 

10 12 

8 

Fumiirie other. 

8 

10 


2 

8 

4 


0 

10 14 

8 

Sucoinio other. 

8 


10 

2 

8 

1 

3 

0 

10 1 

13 0 

Chloroauccinio ether. 
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Ciimphoric ether. 
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Clilorooampliorlc ether. 
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Citric ether. Another variety 


contains IHO more. 
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III. From Fusel-oil: Annyl-etliers. [Mylestor.] 

and C’“II*’Oj2BO^=C“H''U-07. Two kinds of Boracio 

Amyl-etlier. 

2C'"H"0,H0,IW=C=»H-’’P0“, and C"'H'‘0,21I0,r03= C>'’IIi''PO''. Two kinds of 
Piiosnlaorous Amyl ether. 

Nih-ous amyl-etlier. 

Silicic aniyl-other. 

Formic amyl-etlicr. 

Acetic nmyl-cthcr. 

Cliloracctic amyl-othcr. 

Valerianic mnyl-ctlicr. 

Oxalic amyl-etlier. 


C'''H”0,N0^ = C“H“NO'', 

2C"“II“0,ai0'^ = C^H^SiO**, 

C1"H"0,C-1I0'' = C'=H'20'', 

c"’H"o,C''iPO“ = c'n-i'‘oi, 
C'"U»C1=0,CII-F0^ = 
C'"lI‘‘0,C“Il‘-'0’ = C™11™0‘, 
2C"'H"0,C''0'> = C-'I-P=0", 


c. Ametlianes. [Amester.] 

Tlioae boiliea must bo rogarclcd as 1 At. of a bibasio acid or 2 A t. of a 
monobasic acid, conroi'tod by the action of annnonia and an alcohol, half 
into an amide, and half into a compound ether of tlio third class. 

1 At. oxalic acid (rogarded as biba.sic) rvitli 2 At. alcohol yields 4 At. 
■water and oxalic other; 

C'lIW -t- ao'lioo^ 4110 I- 2CiIPO,CiO". 

On the other hand, 1 At. oxalic acid with 2 At. aminoni.a, yields 4 At. 
•water and oxamide; 

C'ii2o« + NIP 41:10 + cnvwoi. 

But if only 1 At. alcohol acts upon 1 At. oxalic acid, the 2 'roducts aro 
2 At. tyator and 1 At. oxalovinic acid: 

C-ilNO” + CU'O^ =•• 2110 -I- CIPO^CO". 

Similarly when only 1 At. ammonia acts upon 1 At. oxalic acid, Iho pro¬ 
ducts .are 2 At. water and oxamic acid: 

C-'II-O" -r NIP = 2110 -I- CIPNO". 

If now wo suppose 1 At. oxalic acid to bo acted on by 1 At. ammonia 
and 1 At. alcohol, 4 At. water will bo soiiaratod and 1 At. of an amothano 
produced; 

C'lPos + -h O'lPO- - 4110 = CIPNO". 

Amcthancs aro most readily produced by trraling an other of the third 
class with small quantities of ammonia, so as to climinato only half tho 
alcohol; if a larger quantity of ammonia bo used, tho other may bo com¬ 
pletely transformed into an amide. 

Thus, 1 At. oxn.lio other with 1 At. ammonia forms oxamothano and 
alcohol: 

2C'I-PO,CiO» -I- NIP =. C'IPN.C'iO" + O'IP0= 

But if another atom of ammonia bo added, oxamido is formed, and a 
second atom of alcohol is eliminated: 

C“117N,0'0<' -t- NIP = C-'H-'N'O-' + C'lPO'A 

This amethane may be regarded in various ways;— a. As a lialf 
amidogen- and half ether-compound of oxalic acid (or, what comes to tho 
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same thing, if we regard oxalic acid as inonobasio=C’HO‘, as a compound 
of 1 At. oxamide, CTPNO\ with 1 At. oxalic ether, C°I-FO'‘).— h. As the 
vinic other of oxamic acid (oxamato of othyl). (Balard.)—c. As an amide 


of oxalovinic acid: 

a. h. e. 

C H N O C H N O C II N O 

O-xalic acid '12 8 Oxnmic ncicl 4 3 1 G Oxalovinic acid 8 G 8 

•I-Alcohol + Ammonia 4 9 12 + Alcohol 4 G 2 + Ammonia 3 1 


8 11 1 10 8918 8918 

- 4Water -1 4 - 2Wntci- 2 2 — 2Wat(jr 2 2 


Oxamethano 8710 871G 8710 


d. According to Gerhardt, this compouncl is formed from tho roaiduos of 
alcohol, C‘l-FO®, ammonia, NH, and oxalic acid, C'lPO' (p. 70). 

Many other acids, inorganic as well as organic, act in a similar mannor 
to oxalic acid, and other alcohols also like common alcohol. The amo- 
thancs formed by wood-spirit aro called Melhylane& or Fovmamethnnes; 
those formed by common alcohol, lilhylancs, Yinamc.lhanes, or simply 
AmeLhanes; .and those formed by fiisel-oil, Aimjlanes, or Mylamcthanes. 
All amothanea = l At. of a bihasic acid (or 2 At. of a monoh.asic acid 
-|-1 At. alcohol-|-1 At. ammoni.a—<lAt. water. 

If tho nnmbor of oloraontavy atoms in tho componnd ether and tho 
amido of a bibnsio acid bo added together, and tho sum divided by 2, tho 
quotient will bo tho number of clomoutary atoms composing tho luncthano 
of tho same acid. 

To tho oln.3s of lunothanes belong the following cmnpounils formed 
from wood-spirit, C^I-FG*, alcohol, C■‘H“0^ and fusel-oil, 

Cni'iNS^O" = Cni»Acl,2SO“ = C:it»0,S=AdO», Suliihomothylnim. 

ChPNO' = C;^lI'bV(l,2CO*’ = C-IP'0,C''’AdO^, Urctliylnno or Cmbomothylime. 
C“1I“N0» = CnFAd,C'0» = cnFO,C'AdO», Oxnmctliyhine. 

cn-imo' = C''lP'Ad,2COa = CIVO.CfAdO:', Uretlmne or Cnrhethylane. 
C^IUNO" = ClPAibCO" = C'lPO.C'AdO*, OxameLlione. 

Cn-I2Clh\0'>= C-'Cl»Ad,C'0'' ■= C-'CPO.C-'AdO*, Chloroxnniethniu'. 

C'hl'SNO" = C’»n>'Ad,CiO« = C'“H"0,C''Ad0S Oxnmyinno. 


d. Copulated Acids, Copulated Salts. 

Many organic compounds, viz., nuclei in tho pure state, nnoloi com¬ 
bined with 2 At. hydrogen, alcohols, aldidos, or monobasic or hibasic 
acids, form, with an cxco.ss of an inorganic or a etrongor organic acid, 
acting upon tliom cither in tho anhydrous or tho highly-conccntratocl 
state,—sometimes at ordinary temperatures, sometimes with tho aid of 
heat, somotimos only in pro.sonco of a lixed alkali, and generally with 
elimination of water,—an intiniiite acid compound, a copulated acid, which 
unites as a whole with salifiable bases, forming peculiar s.alt,s, which aro 
soluble in water, even if tho salts of tho non-copnhitcd acid aro insoluble. 

Tho organic compound thus united with tho acid is called tho Copula 
{der .Paarliny). 

If tho compound is formed by nic.ans of an .anhydrous inorganic acid, 
no water is oliminatedj but when the acting .acid i.s an organic acid, per¬ 
fectly dried per se, a number of atoms of water aro generally separated, 
equal to tlio number of atoms of hydration-water which tho radical- 
theory suppo.sos to exist in tho acid. Tho excess of the acting acid serves. 
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by its affinity for the water, to facilitate tbe separation of tliat compound, 
and to take it up. 

Copulated acids may be compared to etbers of tlie third class, ex¬ 
cepting that they nia 3 ' be formed by other compounds besides alcohols, 
and that they contain at least twice as much acid as the corresponding 
compound ethers; hence in those compounds the characteristic properties 
of tlie generating acid are not completely masked. 

In these compounds, the following law established by Gerhardt holds 
good {Comp. rend. 20, 1G48). The saturating jiowcr of a copulated 
compound is less by unity than the sum of the saturating powers (p. 20G) 
of tho two substances of which it is formed. Or, 1 At. of the copulated 
acid saturates 1 At. less of base than tlio two generating siibstanco.s would 
have saturated if they had acted separately. The compound other, which 
1 At. of an alcohol forma with 1 At. of a monobasio acid, is, tliorofore, 
a neutral compound; for O-pl —1=;0; similarly, 2 At. alcohol with 
1 At. of a hibasio acid,—in which case we must consider that, lir.st, 1 At. 
alcohol enters, and than a second atom : 0-p2 —1 = 1; then, 0 4-1 — 1=0. 
15ut when 1 At. of a neutral compound unites with 1 At. of a hibasio 
acid, we have, 04-2 — 1 = 1; that is to say, tho resulting coj)uliited acid 
has a saturating power=l. Similarly, a copulated acid formed from a 
neutral substanco and 1 At. of ii terbosic acid, such as phosphoric acid, 
has a basic powcr=2;. for 0-1-3—1=2, Further, when a monobasic 
organic acid is united with 2 At. of a monobasic acid, tho co])ulated acid 
is bibasio; e. g., sulphobouzoic acid, l-t-2 —1 = 2; and tho copulated acid 
from a hibasio acid and 2 At. of a monobasic acid is terbnsie; e. g,, Sul- 
pliosnccinic acid, 24-2 — 1=3. 

This law holds good throughout, with tho exception of a very few 
cases to be afterwards montiouod, which porhap.s admit of special cxpla- 
natiun. It is further to ho observed; that all organic acids which form 
foi)ulatod acids, arc (with very few cxcc])tious, vid. inf.) bibasio. This 
circumstance is certainly in favour of Gorhardt’s view, that those iiior- 
ganio acids which form copulated acids, arc likewise hibasio, and should 
therefore have twice tho atomic weights usuiilly assigned to them, viz., 
CS“; CO’; SO’; and SO’ (j)[i. 201,201); hut in this instance also an excep¬ 
tion is presented by nitrog-lycolic acid. {Comp, also Mitscherlicli, J. pr. 
Cliem. 22, 198; Berzelius, Jahresher. 21, 105.) 

On the constitution of the copulated acids tho following views may be 
proposed : 

a. They are compounds of organic bodies of a comparatively indif¬ 
ferent character with anhydrous mineral acids, or with hypothetically 
anhydrous organic acids. Thus, sulphohenzinic acitl=C‘’Ii“,2SO’; suf- 
phomethylio acid=C’H'‘0’,2SO®; sulphovinic acid=C'T-PO’,2SO’; oxaln- 
vinic acid=C’‘H°0’,C'‘0“. In tho formation of a metallic salt, 1, 2, or 
3 At. hydrogen in tbe copula are replaced by 1, 2, or 3 At. of a metal; 

sulphobenzinato of pota8li=C”H'‘K,2SO’; sulphovinato of potash= 
C‘H’KO’,2SO’; oxalovina,to of potash = C'‘H“KO’,C'‘0°. 

To this view, which, oven if it bo not correct, may at all events bo 
satisfactorily followed out, Gerhardt has lately given the preference, 
excepting that he makes no separation in the formula between tho copula 
and the acid; thus sulphovinic acid, C*H“0’,2SO’, he expresses by 
(or, according to his own equivalents, by C’lPSO’). 

h. They contain the indifferent organic bodies from which they have 
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sulphovinio aoid would Le HO,SO®+C*H°0,SO*J sulplioniotliylio acid 
H0,S0’ + CTl’0,S0*j and phoaphovinio acid, 2H0,C'‘H“0,P0''. The 
metallic salts of this acid aro produced by the replacement of 1 or 
2 HO by 1 or 2 MO. If the copulated acid contains an oi’ganio aoid, the 
latter is supposed to exist in it, half in the hypothetically anhydrous state, 
and lialf with the quantity of the elements of water which it retains 
when dried per se. Thus, oxalovinic acid (supposing oxalic acid to bo 
nionobasic)=HO,C“0’ + CMP0,C“0*. 

According to this view, which accords with the radical-theory, tho 
copulated acids may bo regarded as double salts, in which part of the 
acid is saturated by tho copula, and tho rest by water, or by a true 
salifiable base. This modo of representation also makes more evident 
the relation of the copulated acids to compound ethers of tho third class. 
Thus, sulphate of inotliyl=C®hPO,SO^ is converted into snlphonicthylio 
acid, C“IPO,SO^-h HO,yO’ by tho more addition of I-IO,SO’.—IT Tho 
formulm of the copulated acids lately given by Williamson (Chem. Soc. 

QiJ-p I 

QilJ.1V., 235), e. ^., sulphovinic acid = [SO* j snlphovinate of 
potash = [SO'j e-i'c likewise in accordance with this view. IT 

If, however, tho organic substance from which tho copula is formed, 
contains no oxygon, which is tho case with bonzin=C‘'l-I“, and, thoro- 
foro, cannot yield HO, wo must suppose that it gives up only hydrogen, 
and that tho oxygon is supplied from tho acid, rvhoso nature la thereby 
changed. Thus, sulphobon/.inio acid, H0,G'‘*I-P,S*0“, must bo I’ogardod as 
a compound of water and C'HP, a body not known in tho separate state, 
with 1 At. hyposulphurio acid. But since hyiiosulphuric acid, S'^O", is 
monobasic, the supposition that 2 At. of base, vis., IHO or MO, and 
1 At. of tho copula should bo united with 1 At. of tho acid, is not in 
accordance with tho preceding. 

0 , In tho copulated acids of sulphuric acid, wo may likewise suppose 
that 1 At. hydrogen is replaced by 1 At. of sulphurous aciil. Accord¬ 
ing to this view, sulphobcnzinio acid=IIO,C'®H''(SO'*),SO®, and sulpho¬ 
vinio aoid=HO,C*l-P(SO'*)0^,SO’. This was G-orhardt’s earlier view 
(Ann. C/dm. Fhys. 72, 184), and Mitschorlich also expresses himsolf in 
its favour (Ann. C/dm. I'/iys. 4, C7j 7, G). But although this view is 
likowiso Bupportod by tho fact, that many copulated acids ciinnot ho 
formed without tho aid of heat, probably because tho oonvorsion of sul¬ 
phuric into sulphurous acid takes place only at high tomporaturos, and 
that several copulated acids, containing suliniurlc acid, when fused with 
excess of hydrate of pota,sh, yield .snljrhito of potash as well as sulphato; 
it, novortholoss, cannot iuolndo moro than a small iiumbor of tho ciqm- 
latcd acids: for, in tho case of carbonic acid, sulphurous acid, and the 
organic acids, it can only bo maintained by moans of hypotheses not cor¬ 
roborated by any other considei'fi.tionj and to phosphorous and phosphoric 
aoid it is altogether inapplicable, unless wo express the latter by 1**0“ 
instead of P0“, because it is impossible that one part of an atom of P 
should outer tho copula, while tho rest remains without iu the form of tho 
acid. Moreover, two bases (tho copula and water, or a motallio oxide) 
would ho united with 1 At. of a monobasic acid. 


Tabular view of tlie lest known, Copulated Acids. 

I. Proclwcod by Mineral Acids. 

1. By Bisulphide of Carbon with Wood-spirit, Alcohol, Fusel-oil, and 

Bthal. 

According to a. According to i. 

Acid. Metallic salt. Acid. Metallic salt. 

C=ir' 02 , 2 CS= C=II"MO'-*, 2 CS» HO,Cni» 0 , 2 CS= M 0 ,C=H''> 0 , 2 CS 2 .... 

Cni« 0 ^ 2 CS 2 C'U^MOV^CS^ HO,CnVO, 2 CS'^ M0,C‘H*0,3CS'' .... ( 2 ) 

C'“II'-02,2CS= C“II"MO-,2CS3 II0,C'"IIi>0,2CS2 M0,C''’H>>0,2CS2 ( 3 S 

C“IF' 0 ^ 2 CS= C“ 1 I”M 0 ^ 2 CS!> IIO,C-''ni” 0 , 2 CS= MO,C®H» 0 , 2 CS 2 ,,,, ( 4 ) 

(1) Xanthomotliylic acid.—(2) Xautboviiiic acid.—(3) Xanfchamylic 
acid.—(4) Xanthctlialio acid. 

2. By Carbonic acid with Wood-sjoirit and Alcohol, 

According to a. According to 5. 

Acid. Metallic salt. Acid. Metallic salt, 

C=ir'02,2C02 CWM 0 ^ 2 CO'^ HO,CnPO, 2 C: 0 '^ M 0 ,CniH), 2 C 02 M) 

C‘H»02,2C0= C'H'’M0=,2C02 IIO,C'lPO,2CO= MO,C'IPO,2C()''i .... (2) 

(1) Cai'bouvothylic acid.—(2) Carboviuic acid. 

0. By Phosphorous acid with Alcohol and Fusel-oil. 

According to n. According to h. 

Acid. Metallic salt. Acid. Motallio suit. 

C'lPO’.noA’O'' c'n'''MO'bito,i'o» TU),c^iPo,no,i’o= mo.c'ipo.ho.vos (i) 

C‘UIII-’U-’,1I0,1’0'' C'>'H"M0-,I10,1*0-'' H0,C"’I1"0,1I0,1>0'' M0,C'"U'>(bIU),l>0» (2) 

(1) Vinopliospliorous acid,—(2) Aniylophospliorous acid. 

4. By Phosphoric acid with Alcohol and Glycerin. 

According to a. According to 4. 

Acid. Metallic salt. Acid. Metallic salt. 

c'iPo“,uo,i>o» c'li'Msonio.i’O" 2 no,eupo,i’o 2 Mo,c‘rp(),vo' (i) 

C»lPO»,HO,VO' CnPMXPJIO.l’O* 21IO,C«H!'O^I'0'> 2MO,C“rPO»,PO'> (2) 

(1) Pliosphovinio acid.—(2) Pliospboglycorio acid. 

5. By Sulphurous acid with Wood-spirit in the pure state, and modified 

by Chlorine. 

According to «. According to 4. 

Acid. Alctidlic suit. Acid. Metallic salt. 

C 5 H'n 2 , 2 SO^ (;'-iPM()s, 2 Ho-'! iU),(;"-ii»c), 2 SO= M 0 ,cni'' 0 , 2 S 0 ^ .... (i) 

CnPC 10 -', 2 HO'J C-M-C:|MO'-, 2 ,S(P 110 ,(;ni-'(;i(), 2 .S 0 - M0,(:=I1H;I0,290''> .... ( 2 ) 

cnpcis()J, 2 S(P c;=iici^vro'^ 2 ,s()-> iJO,(;niGTO, 2 SO' Mo,c^nci2o,29oa.... (;i) 

C:niCl" 0 'J, 2 S 0 = C 2 CliiMO, 2 SO- IK), 0 =C 1 » 0 , 2 S 0 = M 0 .C=C 1 '' 0 , 2 S 02 .... (4) 

(1) Metbyloaiilplim’oiis acid.—(2) Cblororaolbylosulpbuvous acid.— 
(3] Bichloromothylosnlphui'otis acid.—(4) Tricliloromotliylosulphurous 
acid. 

Bisulphide of carbon, OS’, is a suliiliur-acid, strictly analogous to 
carbonic acid, CO^, and forms copulated aoids prooisoly corrosponding to 
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tlioso of tlio latter. Tho four last-uamocl copulated sulpliurous acids are 
tho acids disoovorod by Kolbo {eomp. II., 340, 341); they aro regarded by 
Laurent and Gorliardfc as compounds of 2 At. sulphuric acid with marsli- 
gas, C^H', and its chlorine compounds, C'^fPCl; C^fPCP; and C^HCll 


Sulphuric acid forms tho greatest immbor of copulated acids. If the 
copula) aro hydrocarbons or volatile acids, it is uccossary to bring fuming 
oil of vitriol, or tho cold vapour of anhydrous sulphuric acid, in contact 
with thoin; for tho formation of other copulated sulphnric acids, common 
oil of vitriol is hotter adapted. In sonio eases a gentle boat is required 
to sustain tho action. If tho acid li(piid bo thou diluted with water, 
saturated with baryta, limo, or oxide of load, and filtered, the insoluble 
salt which tho unaltered portion of tho sul 2 )huric acid forms with those 
bases, remains on tho filter, and tho salt of tho copulated acid is found 
dissolved in tho filtrate. 

In tho following table of the eopulatod suljdmric acids, those which 
contain a hydrocarbon for Ihoir cojuila, aro i)laccd first; thou follow tlio 
aoids whicli contain an oxygenated but not acid coi)ula, All thoso copu¬ 
lated acids aro niouobasio, if they contain I At. of tho copula to 2 At. 
6ulj)huric acid (0-1-2—1=1), but bibasic if tho quantity of suli)huric 
acid amounts to 4 atoms (04-2—1 = 1; thou 1 -|-2 —1=2). Thou follow 
tlio acids containing 1 At. of a uionobaaic organic acid to 2 At. sulphuric 
acid, which aro all bibasic ( 14 - 2—1 = 2). Lastly, sulidiosucciuic acid 
contains 1 At. of bi-atomio succinic acid with 2 At. Hulphurio acid, and 
should, therefore, according to Oorhardt’s law, bo torbasic (24-2 — 1 = 3); 
and so it actually is in most iif its salts, but in tho load-salt it is quadro- 
baaic=C“lPrb''0“,2S0’. 

Tho following copulm, united with 2 At. sulphurio acid, yield tlio 
following copulated acids: 


(1) O'^IP 
(2 C'-'II" 

(3) C'Hl'f 
(<) 

(6) C“11‘' 

(C) Ci>»ll'ao'‘ 

(7) 

(8) C'ni'NO'' 
(0) c’ni''()n 

(10) CIPO" 

(11) erdr'o^ 

i l2) ClP'O'' 

13 

14) 

15) CH'O' 
1C) C''U"0‘ 
17) CWI1«0' 
(18) CWO" 


Benzin 

llciiiioono Of Toluol 

Cumeno 

Naphlludiu 

Cymeno 

Anctliol 

Imligo-bluB 

IsiiUn 

PlionoHS iirid 
fJlycorin 
Wood-spirit 
AIuoliol 
PuBol-oil 
Etlml 
Acetic acid 
Bcuioic acid 
Clnmimio acid 
Succinic acid 


Sulpliobonzinio noid. 
Sulpiiotoluiu acid. 
Sulphocuniiiiio acid. 
Sulplioiiaplithttlic acid 
Sulpiiocymcuic acid. 
Suli>lumutliic add. 
Snlpldiidigotic add. 
Sulpliisutiuio acid. 
Sulpboiiliciiilic add. 
Sulplioglycoric add. 
.Sulpliometliylic acid. 
Siil|iIiovlnic add. 
.Siilidiaiuylic add. 
Sulplictluilic acid. 
Ruililmcetlc ncid. 
Sulpliobonzoic acid. 
Sulpbocinnnmio add. 
Sulpl\OBUcdi\io add. 


Tho formulro of thoso copulated acids and thoir salts aro as follows : 


Add. 

(1) C'nU,2SO» 

(2) C'ni",2R()'' 

(3) C'"I1'«,2S03 

(4) ('.»ll",2SOa 
5) CV"II''',2SO“ 
(0) C••»'^l'■J0^2SO= 

VOIo VII. 


According to a, 

Metullio salt. 

. C'»II»M,2HO» 

. C'-'Hi'M.2S(V' 

. C'"H"M,2.SCVi 

. C™HlM,2SO'' 

. C="n"'M,2SO" 

. C"-"11‘'M02,2S0» 

ft 









































(7) C“H»N02.2S03 

(8) C>«HSN0J,2S03 

(9) C'=H« 0 -, 2 S 08 

10) C«H*0''.2S03 

11) C-H''02,2SOs 

(12) CJH«0’,2S03 

(13) C'“H>=0“,2S03 

(14) C“H»i03,2S03 

(15) CW0‘',2S03 

(16) Ci<H50S2S0» 

(17) C“H80’,2S03 

(18) C8H'0a2S03 


C‘'iH''MN0^2SU“ 

Ci»H'iMNO-',2SO» 

C'2H5M02,2Soa 

C<'n?MO®,2SO^ 

0^280^ 

C'iH'''M02,2S0^ 

C'0H»MO3,2SO''> 

C32H33m02,2S03 

C^IPM20-‘,2SO''' 

C'<H'M=0‘,2S03 

C‘8H«M20',2SO'' 

C3H3M308,2S0'' 


According to 1. 

Acid. 

(1) H0,C'2Hs,S20s . 

(2) U0,C«H7,S20« . 

t 3) HO,C>SH'7,S208 . 

4) H0,C2“H7,S205 . 

5) H0,C2»H>3,S20« 

6) H0,S02 + C«'H"0,S(>’ . 

7) H0,S0= + C'«H''N0,S08 . 

8) H0,S03 + C>“H<N0»,S0» . 

9) HO,SO8 + C“H«O,S08 . 

(10) H0,S02 + C«H70»,S0> . 

(ll) HO.SO^ + C^WO.SO^ ■ . 

(12) HO,S02 + C^H«0,SO» 

(13) HO,S05 + Ci«H»0,S08 . 

(14) HO,SO* + C®H330,SO« . 

( 15 ) 2 (HO,SO*) + C<H203 . 

(16) 2(hO,S08) + C«H<02 

(17) 2(HO,S08) + C‘«H80' 

(18) 3HO,C*H20«,2S(yi 


Metiillic salt. 
M0,C'2IP,S=0« 
M0,C‘'H7.S20 
M0,C‘8H'7,S205 
M0.C2“H?,S“05 
M0,C“H'8,S2O“ 

M0,S08 + C2"n''0,S08 
MO.Soa + Cnr'NO.SO^ 
M0,S08 + C>'‘H'N0»,S08 
MO.SO’ + C'^IPO.SOs 
M0,S0'' + C“IF08,S0» 
M0,S08 + C2H30,S08 
M0,S08 + C‘Ii'''0,S08 

MO,so8+c'“n''o..so8 
M0,S0» + C82lira0,S08 
2(M0,S0''>) + C'H202* 

2 MO,SOVC»1I'0» 
2(mO,S0’i) + C'"H''O8 
3MO.C“H=0',2SO“ 


NitHc add forms copulated acids only with glycocol and letioin. 

wtaaaaI « /*^4USXT /^4 . XT Ji — - -It l» /NT V /N i N V /N > > . 


i Nitrogljcolic’acid'r'c^i-f'N0’\N6' j’ its"’salts 

C‘H“NMO^,NO'. 

C»H"N0^N0“j its salts: 

Hence it appears that these two acids do not accord with GcrhartU’s laws, 
VIZ. (1) That true monobasic acids, like nitric acid, do not form conidatod 
acids; and (2) That 1 At. of a neutral body united with 1 At. of a 
monobasic acid must form a neutral compound (0 +1 — 1 = 0). 

„^;i 1 ?® of 1 At. glycocol with 1 At. sulphuric, hydrochloric, 

and benzoio acid are likewise monobasic copulated acids. The salts of 
these pecnhitt copulated acids may be compared with nitrates or other 
moronic salts, which have taken up one or more atoms of uroa from a 
solution containing that substance. 


II. Copulated Organic Acids. 

this law are the combrnation ff glycocol with blzoTrn.” 1 ^ exceptions to 

formiUte HO,SO“ + C=HO and 
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of tlicso compounds, tlie oi'/^anio acid must bo supposed to exist iu tho 
liypotbotically anhydrous state. 

With Oxalic acid. 


According to a. 

Acid. Mctnllic anlt. 

C'H“ 0 =,C' 0 " . CiU'^MO^C'O'' . ( 1 ) 

C'IIC 1 ''()",C' 0 '’ . O'CK’MO-.C'O" . Ci) 

0 WH‘^ 0 !,G' 0 " . C“H"JtO-,C'U'i . (.' 1 ) 

According to //. 

Acid. Mctftlllc ncid, 

nO,C= 0 'i + C‘Il'iO,C 20 » .... M 0 ,C- 0 -’i + CilIf' 0 ,(>’ 0 :i . ( 1 ) 

iio.C'JOs+C'Gr'O.c^o^ .... . (i) 

HO,C'''O-'' + C>(UU 0 ,C?O» .... M 0 ,C- 0 '' +own'd),. (d) 


( 1 ) Oxalovinio acid.—( 2 ) Cliloroxalovinio acid.— (,1) O-valiuiiyllo acid. 


With 2’ariaric and llaccmic acid (which aro iaoiiiui'ii!). 


Acid. 

cn'o^cn-'o"' 

C'11''0=,C"II'0"' 

C"’ii"' 0 -,c«n' 0 "' 


According to a, 
Metallic Half. 

C"’U“M()',0''U'()"> 


Tartmimdliylic iiclil. 
't'lii'lrijviiiic. and larlro- 
mccmic. nciil. 
TmLniinyllc ncid. 


According to f>. 

Acid. 

n 0 ,C'n'' 0 » + 0 dI" 0 ,Cin-()'' . Tartramcti.ylic mild. 

Il(), 0 'll- 0 '' + C'l[''<), 0 ''U-()'’’ . Tarlrovinia iiml llnccinoviiiio #cld. 

IIO,C'rr-O'' + C‘“lI"O,0'n-O'‘ . Tanmmyllc nclJ. 


Witli ilfucio and Cemp/wm acid. 


Aold. 

c"n''02,C'“u'<o‘> 


According to a. 

Metallic .Salt. 

C'Ii‘MC>n,0»'n«0'‘ . Mneovinio ncid. 

C'U%l 0 '-,Cm" 0 '' . Caniidioviuiu acid. 


According to i. 


Acid. 

IIO,CTI''Oi' I- 0 i[I.'' 0 ,C''II' 0 i' 

iio,o"'H?oi +CHii'u.cnm-' 


Mneovinio ncid. 
CuinidiuYinic ncid. 


FoTmic acid, C“II' 0 ‘, united willi hittoi' ahiiniid oil, ('!" 11 "!)'*, rtirms 
mandolio acid, whoao motallio fiaUHc;.( 5 “il''MO'',(:'*n''(>''. 

It proaonts throe points of oxcoptien,-—iimsmuch as it in inminlnutic, - 
forms a monobasic acid by coiubitung in oijual mmdiuvs of atoms with a 
neutral compound,—and tho oombiuatiou takos pliioo without ulimination 
of water. 


c. SaponifuiUe Fats, yieldinff Olyccrin, 
QrA’OKniDKs. 

SonnBi.ic. Op7iscnla, 1, 125j 2, 175. 

J. 1 ). llnANUis. Gomm. de oleor, unguiiios, mlum. Quit. 17 H 8 , 
A. VoQisL. Ann, Ohim, 58, 154. 
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Ann. Ghim. Fhys, 65, 113j also J. pr, Chcm. 12, 384. 

CnEVKBUL. Ann. Ghim. 88, 22.5; also Schw. 14, 420; also A. Tr. 24, 1, 
237.— Ann. Ghim. 94, 80; also A. Tv. 25, 2, 256.— Ann. Ghim. 94, 
113; also iV. 2'v. 2, 2, 212.— Ann. Ghim. 94, 225.— Ann. Ghim, 
Fhys. 2, 329.— Ann. Ghim. Fhys. 13, 337; alistr. Ah. Tv. G, 1, 252.— 
A7171. Ghim. Fhys. 22, 27 and 366. 

——— liecherches siw les corps gras d’oi'igine animate. Paris, 1823. 
Braoonnot. Ann. Ghim. 93, 225; also A, Tr. 25, 2, 307. 

SAtFssuaE. — Analysis of Fats. Ann. Ghim, Fhys. 13, 338; also Schw. 
28, 389; also Ah. Tr. 5,2,112. 

BorrcET.—Action of Hyponitric Acid on Oils. Ann. Ghim. Fhys, 50, 300; 

also J'. Ghim. m4d. 8, 641. 

Leoanu. Ann. Chitn. Fhys. 55, 192. 

Pelodze & Bocdet. Ann. Ghim. Fhys. 60, 43; also F. Ghim. mdd, 24, 
385; also J. pr. Ghem. 15, 287. 

Gussbro-w. Kastn. Arch. 19, 69 and 219. 

Schneider.— Oxidation of the volatile Distillation-products of Fats. 
Ann. Gh. Fharm. 70, 107; abstr. Jahresher. L. <b K. 1849, 344; 
Ghem. Gaz. 1849, 334. 

ScHAABMNO.—Action of superheated steam on Fats. F. pr, Ghem. 50, 
375; abstr. Fahresher. L. <Sc K. 1849, 406. 

Arzbacher.— Behaviour of Fixed Oils with Bichroinato of Potash and 
Sulphuric Acid. Ann. Fharm. 73, 100; abstr. Jah'esher. L, lO K. 
1850, 406. 

Ddfpy.—O n certain Isomorio transformations of Fats. Qhmn. Soc, Qu. 
F. 5, 197. 


History. Tho term Fat was originally ap 2 )liod to all coniponiul.H 
consisting of caibon, hydrogen, and a sniaJJ quantity of o-vygcn, whioh 
eithor at ordinary tom^jcratnros form viscid, oily )iqui<ls, greasy and 
leaving a ^orinanont stain on 2 )apor, or aro convortod into such li(inidH by 
heat,—which require a strong boat to imko tlioni boil, and then distil 
over in a state of comploto, or nearly coinjdoto doenmposition,—hnrii 
with a bright flame, depositing little or no soot,—and are liiHelnble in 
water, but soluble in alcohol and in ctlior, Tlio llomans ajipoar to Imvo 
been acquainted with tho preparation of soap from many el those fats by 
treating them with aqueous alkalis, having derived their knowledge fruin 
the Germans or from tho Gauls. 


'into 


Fats were divided, aooording to their various dogroos of fusibility. 
Liquid Fats or Fatty Oils, Hxpressed Oils, or A'ixed Oils, wliioh, 
according as they dry up or remain greasy when exposed to the air in 
thin layers, were subdivided into Dicing Oils and jV’en-dj’i/iRi/ Oils ,— 
and into Solid Fats, such as lard, taUow, wax, spermaceti, oho’loHtorin, iS:o. 

Chovreul, to whoso fundamental investigations wo aro Indebted for tlio 
greater part of our knowledge of this subject, showed, nearly at the sumo 
tini6 with. Bificonuot, tlia,t fnits^ £i9 they ooour in nnturo^ nro for tho inoHt 
part, mixtures or combinations of different simple fats, e. g., of (doin, 
stearin, and margarin, in variable proportions, the consistonco and fusilii- 
lity of the mixture varying accordingly. Ho showed, moreover, that 
certain fats (non-sapomfiable fats), neither dissolve nor undergo any other 
0 auge when boiled with aqueous alkalis, wlioroaa most of those bodies 
term soaps with aqueous alkalis and with certain heavy mctallio oxides ; 
that, m this process of saponification, the fats do not combine iu their 



tlio oxpol'inioiits of Sohoolo {Opuseulu, 1, laiO; '2, 175-177) ami of ]''n!my 
(Ann. Chim. 03, 2K) tlioy avo thoroi)y roaolvod into two produota, 
firat, a fatty acid, wliioli combinoa with tlio alkali and forma the aoap, 
and dill'ora in ita ooinpoaition according to the natiiro of tlio fat,—and 
Hi'.ooudly, in moat oaaoa, the anbatanco called Oli/ceyin, wliioli Sclioolo 
obtained by trc'ating Ilxod oila with loiid-oxido and water. lie showed 
lliat tlio aiiin of l.lio woiglita of the.SO two jirodiicta, in tlioir ntinoat state 
of drynesH, exoeeda that of tho fat eniployud, and conswpiontly that 
hydrogen and oxygon from the water inii.at likowiao contribiito, in equal 
nnmbera of atoiua, to the formation of tho product; whouco bo oonoludod 
that those aapoiiiHablo fata are not primary organic conqioumla, but snb- 
Htaiiees analogous to tho otUorH of tho third class, viz., oomjimiuds of 
various fatty lU'.iils with glycerin, tiiiiins a curtain cpiaiitity of IK), just 
as others of tho third elaH.s arc compounds of aloohol with oxygon acids 
minus a certain ipniutity of IIO. 

Till! JA'i'iimir. Iliillcl. lies sn. iini/A. p/ii/s. I'l c/ilm. 1H2H. .Tilly, Hfi, (inntiiiiis tin! fol- 
InwiiiK remiirkii by SniKiiy: “ I,ii Iheiirie (/(■» yrm MnhlU' piir Jlf. (’tmirt'nl fnl 

il'a/iiinl Iras pan yiiii/A'm stiirmiii/np, cii Pni/lrlriTP, r! m f/tilir. (liiiPliii riilliii/itp 
pm'livnliliremi'itt, el miili/re les niiiteelles el winibreuses ree/irn'/ies niM f/io'/trn s'liiOmiie 
leur iiiveiiteiir, uiinolishtul I'lirrtieil Jiipiirii/ile lies ehimistrs frmn'nis, il est priibalite 
ijiie retie IhAirie eiltjlni piir lire eatiei riiieut ntmnilimne'r, si hi ile'riiiieerte lie Hrrtnrner 
lie Jilt venue liii sereir il'iijipiii." WIitimT Iiiik nlwi'i vi'il llni iimiiin'i' in wbii'li, IVmn 
l.bi' imbbi'iUimv of ibe Hi-emni eilitimi of lbi« lliinilhiivli (IH'i'i), 1 btwi! iirkinwli'ilRHl Ibn 
tratii nail viilaii of (lln'vrmil's tIu-eiii-H iiinl i'X|ii'iTim!tUi<, iiml Iiiivr |ii'i'lmi»i e.<i|iliiiin'il iniil 
iti'si'iibril Ibem mini! fully limn Inm linm ilimi! in nny fnamb wnrk, will I’ln'liilnly ask 
with imtiinblniii'iit, wiml. eiia Imve Iml M. .SiiiHi'y to inilalgii la Ilia vaiiiil ileiilinimllim 
jniil iinnlcil. 

In accordance with the invoHtigations of Ohovroul, wliieh have siiioo 
boon_ ooiilirmeil and oxfondod, tho family of tho fats has been broken np, 
and its iiuimliorH aj'rangod aootmliug to thoir choinical nature, as follows: 

1. (fusaptmUirtlile Fain. Thoso substancos romain perfectly nnaltorod 
ovon after long lioiling with aquoons potash. According to thoir compo¬ 
sition, they belong partly to tho hydrocarbons, such as I’antdin, partly to 
tlio aldidoa, as porliapa Sucuiu and Cholosterin, partly to the alcohols, as 
I'lthal. 

2. Futh/ adih or Foup-iiciils, Obtained chiolly by tho sapouitloation 
of Hapimillablo fats. 'I'htiy combine with Hiililiable liases, wilbout any 
fuiTlier addition, and are comidetoly Hti[iarat(!il tliorefrom in their original 
state by sti'oiigcr acids ; hcnco they properly belong to the class of organio 
acids, and arc in fact included therein. Aerording to thoir boiling jioiiits, 
they may ho divided into VultUlf Fullyiii'.iils, as Bntyrii!, (laprioaeid, fijo.j 
amt Fixed Fully adds, as Stearic, Margavic, Oleic acid, Sto. 

8. Sapmufudilr Fills. Thoso fats do not conibino in thoir entire atato 
with alkalis; but in eoiitact with allcalis and with water aro gradually 
resolved into a fatty acid which unites with tho base, and forms a soupy 
salt, and a iioutml body, which, in moat fats of this kind, is glycerin, but 
in some, as ocrin and spormaeoti, is a non-sajioniliablc fat. Since tho 
hehaviiiur of these last-niontionod fats in aaponifloatioii has not yet been 
completely made out, thoir oonsideration must ho deferred to the spcciiil 
part of this work. 

In this place wo shall treat generally of those siiponiliable fats which, 
by sanonlllcation, aro resolved into a fatty aVAL and glyi’eriii, and may 
ihoroforo be distinguished by tho term UfyeeriM. 
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Sources of Glycerides. 1. In tlie vegetaUo kingdom; As oil and 
iiallom, Gtspecially in tko seeds of a great number of plants, am mos 
frequently in tbe tesia,—rarely in tbe aZbnmcn (poppy), tlio ami lO 

fleshy matter surrounding the seed (olive). Rarely in tho root ytypeiu 
esmlenlus). (Wahlenberg, N. GeJd. 8, 113) .-2. In the animal Icmgaoiii: 
As oil, suet and lard, mostly enclosed in tho cellular tissues, and in pai i- 
cular cavities of the body. 

Formation. It is perhaps possible to produce glycoiudos artificially 
by tho union of a fatty acid and glycerin, by treating a inixtiiro or t loso 
substances with bodies having a strong attraction for ''v.ator; sue i an 
attempt has in fact been made by Pelouze & Gdlia, and by Gorliardt witli 
the fat of butter {q. v.). All other statements about tho artificial lonna- 
tion of fata appear to be destitute of foundation. Iho following aro.somo 
of the.se supposed inodes of formation: 1. A yollorv fat is said to havo 
been formed by the action of nitric acid on muscular llosli. It is most 
probable, however, that the fat existed ready formed in tho flesh, ami was 
merely altered by the nitric acid. Chovroiil {lieclievches, 201) did not 
obtain any fat by treating pure fibrin with nitric acid. According to 
Berzelius, boiling alcohol or other extracts an offonsivo tallowy siibstaiicos 
from albumen, fibrin, blood-rcJ and casein.—This fat was already jircsont 
in the above-named animal substances. Cliovroul [Analyse onjaniquc, 
84) obtained the .same quantity of stearic, margario, and oloio acid from 
elephants’ tendons, whether he first boiled tho tendons in alcoliol, and 
saponified the fat thus obtained with potash, or boiled the tendons in 
thoir original state with potash. The fibrin of ox-blood yielded to alcohol 
and ether the same quantity of fat that Chovrcul obtained from it by tlio 
action of nitric acid.—3. Brandes {N. Tr. 3, 1, 377) by ropoatodly 
distilling alcohol over oil of vitriol, and rectifying tho final diatillato, 
which had a strong sulphurous smell, over lime and potash, obtained in 
the receiver an oil which sank to tho bottom of tho liquid,.—Was this 
modified fusel-oil I 

Fi-eparation. The fat is soparatod by pressuro from the yogotahlo or 
animal tissue, at the ordinary temperaturo, if it bo siillloicntly fluid, 
otherwise at a higher temperaturo; soinotimes, howovor, tho iiit sojiai’atos 
spontaneously by simple fusion.—2. The fat is dissolved out by boiling' 
alcohol or ether, whereupon it separates, sometimes on cooling, sometimos 
on evaporation or on being mixed with water,.—and is afterwards washod 
with water.—But the fat obtained by either of these mothods is, goiin- 
rally, a mixture of several simple fats, which may bo soparatod, iii somo 
cases, in consequence of their different degrees of fusibility, by ]iroHsing 
them at a temperature at which one is solid and tho other li(]ui(I, somo- 
times, from their different degrees of solubility in alcohol and other, by 
treating them with these liquids. 

Propei'ties. In the solid state, tho fats arc white, trausparont, or 
translucent. Somo of them are crystalline, others havo a close, splintery 
fracture. Specific gravity, between 0'892 and 0'930, At a certain 
degree of cold, they are brittle and friable; at a loss dogroo, more or loss 
soft. Melting points ranging from 20 degrees and inoro below 0' to 
-1-6I“. 

To determine accurately the melting point of a fat, a thin glass tube 
is drawn olit to a fine capillary termination ; tho molted fat siickod into 
it; tho tube placed, together with a thermometer, in water; and tho wator 
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gradiially hoated, till tl»o appearance of tiuuspavoncy in tliQ capillary 
tube shows that tho fat is incited; if tlio water bo then loft to cool, it 
will after a wliilo become opaque, and thus indicate the solidifying point, 
which gonornlly lies 1 or 2 degrees below tho molting point, (llodtonbiuihor, 
ylnn. l‘harm. 35, 40.) Bunsen (Ann. I'katin. 37, S.'S) seals tlio capillary 
tube at both ends beforo immorsliig it in tho water.—Iluiiiti! {Ann. 
Phavm. (iO, .'38) plungo.s a sniall-bnlbod thcrmoniotor into tho mass hoatoil 
10“ or 20“ above its molting point; draws it out; holds it against a 
window or a lamp, in such a manner that a distinct imago of tlio light 
may bo formed upon tho bnlb; and roads oil' tho Uunporaturo at tho 
moment when tho imago becomc.s dull.—IT DuHy {Chem, Soc. Qu. >f. 
V., 200) places a .small jiortion of tho fat in a loop formoil at the end of a 
piece of jdatlnnrn wiro; susponds tho wire, together with a thurinomotor, 
in water; raises tho tomporaturo gradually, and roads it ofl’ at tho 
niomout when tho head bocouics trausparout. H 

Fats in tlio molted state form coloiir1o.ss (or oocaHionally yellowish or 
greenish) vi.scid oils, greasy to tho touch, and making a pormnnont stain 
on pa 2 )or. They are not volatilo without <locompositi<m. Only in vacno 
may certain fats bo almost wholly distillod without docoinposition. 
(Ciiovroul.) Fats aro neutral to vegetable colours. They aro imulovous, 
and have either a mild taste or none at all. 

From tho results, not yot conudoto, of tho invostigation.s Iiitlicrto 
inado, itappoars that glycoridos arooomiionmlH if I At.glyoorino, 
with 4 At. id' a inouoUaHic, or 2 At. of a hiliasio acid, vihiitit H 110, In 
tho singlo ciiso of .liqian wax, howovor, only 4 HO aro to ho dcsilnotod, 

All fats bolonging to tliis claKs aro roHolvod hy contact with alkalis, 
magnesia, r.iiui-oxidc, or loud-oxido, slowly in tlio cold, Imt more qniokly 
with tho aid of heat—tho iircHonco orahsonoo of air hoing immaterial—on 
tho one hand, into glyoorino, which remains dissolved in tlio free state in 
tho watery liquid, and on tho other, into a i'litty noid ; or, if Llio fat 
itsolf consists of a innnher of simple fats, into sovnval fatty aoids, which 
unite with tlio saliflahlo baso cinjiloycd, and form with it, noonriling to its 
nature, cither soapy salts, us with i>otnsh and soda, or iusidnhlu salts, 
having tho oon.sistoiioo of iiln^itor, ns with (ho oarthy alkiilis and heavy 
motallio o.vldos. This doomiqiosition is called Saptinijicaiion. 

The saiionillciition of tho various kinds of lard and snot takes place 
oven when the air is ciunjiloUdy cxidudcd. It is not atteiidnd witli for¬ 
mation of ciu'liiinic <ir luioi.io acid, hut in tho sii]mniriciitinn of ling's lard, 
a small quantity of nitrogen is ovolvod (jirohanlv derived frmn animal 
imiiuritic.s in tlic lard). 100 Jits. ef luig’s lard digested with (10 pts. of 
petash-hyilrato iind 400 jils. of wa(or for two (lay«i at a toinpi'ratiiro 
botwoon 70 'and OO ', are convorted into mollier lii|imi* and smiqi; tho 
inotlior-liqiior contains fi'ee jiotasli, togjithor with cai'lnmulo ami aoolalo 
of potasb, an luloron.s pnnci[ili) and glyceriiin; lliii soap oontaiiis stearate, 
mnrgiu'alo, and oleato of iiolash, a small qniinlity of acetate ef poLindi, 
and yellow colouring matter. The earluniio aoid, and the greater jiart 
of tlio acetic acid, found in tho inotliev-liiiiior, wore provioiiMly eon- 
(aiiied in tlio liydrato of ]iotnsh, which had boon imrilied liy aleoliol 
(111., l.'t); tho remaining jiortion of ucotic acid, wliicli wim extremely 
Hiinili, exi.sled ready foniied in the laril. I ill) jiI.h. of ling’s lard H;i|inuUieil 
hy jietiish, wliieli liail not lieeu jmi'illed hy aleehiil, yieldeil (I IH iieetalft 
of lituyta; but after .Mijiiiuillcutum with juilusii wliiidt (uni been jtnrilled by 
alcohol, tlic quantity of acetate of baryta obtained wan D’l((’liuvroill.) 
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To saponify 100 pts. of hog’s lard req[uii’es 18 pts. of potash-hydrate, 
the product consisting of normal stearate, margarate, and oleate of pot¬ 
ash, without excess either of acid or potash. (Excess of potash, how¬ 
ever, renders the soap harder by abstracting water; carbonate of potash 
likewise hardens the soap, but not so much, and common salt still less.) 
"VYhen 100 pts. of lard arc boiled for CO hours, with 9 pts. of potash- 
hydrate and a small cjuantity of water, a homogeneous mass is obtained, 
almost wholly soluble in boiling alcohol, and forming a solution wliicb does 
not redden litmus; but a large quantity of boiling water decompose.s 
this mass into soluble soap and unaltered neutral fat; bence the potash 
saponifies exactly the quantity of fat which it can afterwards neutralize; 
and the soap thus produced forms with the excess of fat an emulsion, 
which does not produce grease-spots,—a property on which the power of 
soap to Toraovo grease-spots chiefly depends. (Chcvreul.) 

f pt. hydrate of soda, 1 pt. hydrate of baryta, strontia, lime, or load- 
oxide, or -y pt. zinc oxide, heated for a considerable time with 1 pt. of 
lard and a proportionate quantity of water, decomposes the fat, just as 
potash does, into stearic, margaric, and oleic acid, which combine with the 
salifiable base, and glycerine (a small quantity of a yellow hitter prin¬ 
ciple being sometimes eliminated at the same time), (Chevreul.) 

Hydrate of magne.sia with water saponifies soap with tho aid of heat; 
but the saponification takes several days, and even then is not complete. 

1 pt. of ignited magnesia boiled for 100 hours with 1 pt. of lard and 6 
pts. of water, combines with the lard, which is not perceptibly saponified, 
forming a solid, greyish yellow substance, whilst the water is found to 
contain no glycerin, but a small quantity of a bitter substance. Lard 
fu.sed with an equal weight of ignited magnesia remains unaltered for two 
years, not even becoming rancid. (Chevreul.) 

Saturated aqueous ainmouia, kept in contact with bog’s lard for 14 
mouths, saponifies only Yj of it, and if tho liquid bo then filtered till it 
passes through clear, and afterward.? evaporated, it leaves glycerin, oleic 
acid, an orango-yollow colouring matter, and a trace of an acid soluble in 
water; the uusaponified lard has a somewhat pearly lustre, and contains 
a small quantity of oleic acid which may be extracted by cold alcohol. It 
appears then that lard is hut very slowly saponified by ammonia at ordi¬ 
nary temperatures.—Hog’s lard mixed with sublimed neutral carbonate of 
ammonia, and left in a bottle for 5 years, at a temperature below 18°, 
fojms with water a white milk, containing pearly lamince. This liquid, 
when heated, is resolved into three layers, the lowest of which is a 
watery liquid containing carbonate of ammonia and small quantities of 
oleic acid and glycerin mixed with margaric acid and yellow-colouring 
matter, the middle an oily, orange-yellow liquid, and the uppermost an 
oily, lemon-yellow liquid, which, as well as the middle layer, is a mix¬ 
ture of unsaponified fat with stearate, margarate, and oleate of ammo¬ 
nia. (Chevreul.) 

1 pt. of hogs lard boiled with 2 pts. of bicarbonate of potash and 
with water, is almost wholly saponified; the unsaponified portion which 
flo.stt 3 on the soapy solution, may then be saponified by a second boiling 
with 1 pt. of bicarbonate of potash. The two portions of soap-solution 
vetng united and concentrated by evaporation, the liquid deposits all the 
®f*''** pressed, is found to be free from carbonate 

“ mother-liquid contains the excess of carbonate of 

the lard be saponified by monocarbo- 
nate ol pwitssh m a receive,standing over mercury, heat being applied 



GLYCERIDJ3S. 


233 


from without, no ovolutioii of carbonic acid takes plaoo till a considerable 
(quantity of soap Ims beon formed. When soap k sapouillod in tlio cold 
by excess of moimoiirbonato of potasli, tlio litjuld, after a while, dojiosita 
bicarbonate of potash.—Borax and biborato of potasli, boiled for 50 hours 
with if of their weight of lard and with water, saponify about 2 por 
cent, of the lard. (Oliovroul, Itccherckes, 355.) 

A simple fat, when saponified, yields glycerin and only one acid; hut 
if tho fat is a niixtnro of several glycerides, which is usually the ease 
with natural fata, each of those yioluH its own peculiar acidj so that for 
every acid yielded by a fatty mixtiiro, a oorrosjionding fat may bo sup- 
]>osod to exist therein. 

Tho process adopted by Chovroul for separating those difToront fats 
is as follows ; 

Suppose tho mixture contains a number of glycerides, tho decompo¬ 
sition of whioh yields both volatile acids, such a.y valerianic, butyric, 
enprio, caproio, and hircio acid; and (ixoil acids, such as stearic, nuir- 
gario, and oleic aoid, together with glycerin. Siqiposo, moreover, that 
it contains spcrnuicoLi, which is ro.solvod by saponilication into othalic acid 
(mistaken hy Chovroul for mnrgario acid), anil, instead (d' glycerin, an 
uasajionifiahlo fat called othal. JOO jiarts of this mixtaro are digested 
for a long time witli (10 jiarts of potiish-hydrato a,ad dOO of water, till 
tho whole i.s sapouifiod, whorenpiai tho ahovo-inoationnil acids comhino 
with tho potash. Tho Vuiuid is thou suporsuturated with tn.rta.ric or pbos- 
phori(! acid, ami very gimtly lioatod till the more iixo<l acids, togotlior 
with tho ethal, rise to tlio surface in tho form of an oil; aftor which 
tho licpiid is left to c.ool, tlio oil removed, and washed with water to froo 
it from tlio aoid liquid which adlioro.s to it. 

1. The ihixtaro of tho fixed acids and ethal is digested with baryta- 
water, till the acids contained in it are saturatod with baryta; tlm liiiuid 
is tlion poured oH) tlio mass dried, boiled witii absolute riloohol or otlior, 
and liltorod. 

1, The filtrate on evaporation deposits tho othal. 

2, Tho baryta-salts iusoluhlo in alcohol or ether are docomposod by 
dilate liydroohlorio acid; tho stearic, margurio, oloiti (ami othalic) acidH 
thereby separated, are dissidved in potasli; tho solution iwiipora(.cd; tlie 
greater part of tlio olciilo of pol.iish oxtriiotoil hy ah.soliito alcohol, Ac.—- 
(Pui'llicr ili'tiiild i’iw])(T.liii(; Uic. Hi'-imi'iiliim of Uioko acids will lie jpvcii W'lii'ii wo ciiimi lo 
imit 1 ) 1 ' lliciii Hpi'criully,) 

II. The lii|uid sopii,rated from tlio li.xod acids, which is mixed wi(h 
the wa.sh-waler proeeeding IVmu tho luller, and coniiiins (ho velalilo 
iicids, together with glycerin and larlralo or phosphate of poliish, is 
distilled. 

1. The (listilliite saLnriited with liiirylii-wiiler and eviipniiU.ed, leaves 
valuriaiiale, hatyrate, eaiiriite, eaproalc, ami hirciUe of liiuyta, whieh 
mast ho .separated hy their dillerenl soluhility In water, ami their diUcrcat 
Leiidcaey te cryHlalli/.e. (Sec iIicm- ncidK.) 

2. 'i'hn residue of the ilislilliition, nva[im'ateil lo dryiW'SH in a, Imiiiii, 
is troiUisl with alcohol of sp, gr. O'KCIO, which leaves tlm grcalcr jcu l of 
the jiolusli siill, aadissolveil, and nfl.er (illriilion and cviijioraliun, ynddn 
glyeci'in, which mav he freed fnini (he remiiiiider of (he pula di ly a 
seeiaid soliiiiim in alwidalo iilcolnd, and liltnilion. 

Till) predaels oldaiaed by I'lipiiiiiriearmu auioiiiil, nfler llmiuujili 
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drying, to 3 or 5 por cent, more than the fat from wliieli they haye boon 
formed. Even if the resulting acids be calculated in the hypotlictically 
anhydrous state, an cscess of \yeight still appears. It must, thoreforo, 
be supposed, that, in saponification, a certain quantity of water is addojl, 
cither as a whole or by its elements, to the constituents of the lat, iu 
order to form the products of saponification. 

Since tho glycerides have no acid reaction, and, nevertheless, yield 
acids when acted upon by alkalis and other suKstanccs, their composition 
may he regarded in two different wavs :—1. Either they are direct coiu- 
binations of carbon, hydrogen, and" oxygen; and alkalis endued with 
great affinity towards acids, induce these elements, by predisposing 
affinity, to take up, on the one hand, additional quantities of hydrogou 
and oxygen from the water, in such proportion as to produce acids, 
while, on the other hand, certain quantities of tho three cloiuonts 
remain united iu such proportions as to form glycerin.—2. Or, tlio gly¬ 
cerides contain acids and glycerin ready formed, minus a, certain quantity 
of hydrogen and oxygen in equal nnmbors of atoms. They may bo 
comparecTwith ethers of the third class, which consist of an alcohol and 
an acid minus a certain quantity of HO. To this view Chovroul 
{Becherehes, 442) rightly gives the prefcrouco. The quantities of gly¬ 
cerin and of fatty acid which form tlic glycerides, have boon made out in 
a few cases only; but the researches of Chevrciil and Lecanu upon stearin 
render it probable that this fat, by taking up 8 At. HO, is resolved 
into glycerin and 2 At. of bihasic stearic acid. Wo arc, thoreforo, led 
by analogy to suppose that, when tlie fatty acid is monobasic, 1 At. 
glycerin corresponds to 4 At. of acid, and, accordingly, that tho glycerides 
arc copulated compounds of I At, glycerin with 2 At. of a bibasio, or 
with 4 At. of a monobasic acid, jawms 8 At. HO. It is rcniarkablo, 
however, that whereas ethers of the third class are neutral, becauso thoy 
contain only 1 At. of a monobasic acid to 1 At. of neutral snbstauco, 
and copulated acids, on the contrary, are acid, because they contain 2 
AK according to Gerhardt’s law (p. 222), tho glyooridos ox- 

ffibit a neutral chaiuctcr, although they contain 4 At. of monobasic acid. 
Whether this peculiarity can be satisfactorily explained by tbe feebly 
Mid nature of the acids existing in the fats, and by the cironmstanoo 
^t they must bo supposed to contain twice as many atoms of HO as can 
be separated from them, must, for tho present, remain imdocidcd. At all 
events, this difficulty need not compel us to suppose, as Gerhardt does, 
toat the g ycendes contain only 2 At. of a monobasic, or 1 At. of a 
bib^o a«d, mmtM eHO; for, m the first place, this assumption does not 
oondition of the fats, inasmuch as it still admits tho 
union of 2 At. of acid with 1 At. of a neutral body; and, secondly, it is 

Zed W T ^ ® proportion of the glycerin to the soap-acicl, as^dotor- 

mined by Lecanu and Chevreul m the saponification of fats. 

perl Md'DffiSG mT possible 

9“ 8G pts. of stearic acid, idso dried as much as possible per 

te other acid is ])roduccd at the same time). (Lecanu I ^ ^ 

^ Chevmil agree foi the most part 

and i Z mixtures of 

bU Z "I’^rgarin and 

arfd* Iwrtamixtutaof that “o* yield pure stoario 

bW®«41„lb. saJhifemB point niargaric and 

^ point of this mixture being so much farther 
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Ijolow that of i)iu '0 stcai'io acid (from 06° to 70°,) tia tho q^iiautiticH of 
luargario and oleic acid present wore groator. 

Pi’cezinp; pninL cf 


100 pta. yield 

Glycerin. 

Soap-aoidB. 

Sum. 

tho arid mixture 

Stearin from Mutton suet... 

.... H-0 .... 

... 04-G . 

loan; 

. fili" 



OfiO 

104‘9 

. .'■|2“ 

-Hog’a lard .... 

9-0 

Z 9t’G5 ',"!!! 

lOG-GS 

. 02“ 


R*? 

91 

10 ‘2*0 

. 'IH'G'’ 

Marfiarin from lJutter . 

.... 7'2 .... 

!“ 97-5 !"!!! 

l()l-7 

. <)7'S'’ 


K-ft 

05*0 . 

lO-f.'i 

. 02“ 

IIok’s lard. 

.... H-82 .... 

... 9.'i-9 . 

1()5'72 

. '1,1“ 

Unman fat . 

.... 9'(i0 .... 

... 9G-.18 . 

in.'i-Hl 

. 31“* 


, 0-0 

<)4‘0 . 

10.'!'0 


- Human fut. 

.... 9-8 .... 

95-0 . 

10 -1'H 

.. 


Tho roal excess is somewhat greater than tliat which the oxpori- 
moiit shows, inasmuch as the preparation of tho two .sajxmificalion- 
produets is always attoiuled with a certain aiueiint of loss, hlveu il tho 
acids ho suj)])osod to exist in tho fat in the hypothetically anliydroua 
state, there will still remain air excess of ahont 1 jier cent.; heneo tho 
(luantity of 110, which enters the product in saiionilieation, is greater^ thim 
that wliich is rcipiirod to hring tho soap-acid from tho hy]ioLheticnlly 
anhydrous state to that in which it exists when dried pi'i'sc. (Clievroul.) 

The following coniparativo caleulationH render it prohahle that stearin 
is a coniponind of 1 At. glycerin with 2 At. of hilmsie stearic ae.id 
(C“"1L'”0''), miiina H At. flO. The calr.nlatlou under ii is hased on this 
ii.psnmption;—that under b is similar, exce)iting that only (iHO are 

deduoted;.tlurt under c is llkornso similar, hut with dodiiclioii of only 

4lI0j—under d, tho composition of stearin is calculated aonording to 
Gorhardt’s hy]iothc.sis (viz., that 8toariu=I At. glycerin+ 2 At. nuiuo- 
hasio stearic acid, ClIIO), 



a. 



A. 



c. 



ii. 


C 

11 

0 

0 

It 

O 

0 

It 

o 

0 

It 

() 

13G 

i:i-l 

M 

13G 

13-1 

M 

130 

131 

M 

711 

7(1 

K 

0 

8 

G 

0 

8 

G 

0 

H 

G 

n 

H 

(1 

112 

112 

20 

112 

112 

20 

M2 

M2 

20 


HI 

M 


H 

8 


0 

li 


■1 

1 


0 

II 

M2 


12 

M2 

l.-Ui 

11 

M'2 

i:iH 

10 

H‘2 

7H 

H 


Ii’roiu this tho por-eonlago eomposltiou <d’stearin luny ho (■nleulaled a.o 
follows;— 

Accurdinpt to n. AmirdiiiK to A. Aci'onliiiK lo c. 


M20 . 

... HW ., 

... 7H-71 

M20 .... 

.... 852 .... 

, 771fi 

M2t),... 

.... HW 

.... ;ri'2i 

IIIHI .... 

... 131 ., 

]2'39 

13G1I.... 

.... Kill .... 

. i2-;ir! 

IGHIl .. 

.... 13H , 

... l-.'.-3l 

120.... 

.... Oil . 

... H'H7 

MO .... 

.... M'2 ... 

. UI'IH 

llUl 

.... 12H 

U'i:i 

SliMinn 

....)(m2 , 

...lOO-OO 


MOO ... 

.1 (Ill-Oil 


IMH 

.... Hlil-llil 


AcccirdiiiK •<> (/. 

HUt! . .|!I2 ,... 77-iUI 

yna . "« .... i'.'.-:u> 

HO . r.i .... 10'10 

.suiiriii . (lai .... lea 00 

















































o . 

9-45 .. 

9-58 . 

12-07 

— 11 -n 

Stearin . 

. 100-00 -.. 

. 100-00 . 

100-00 

— 100-00 



Arzbaclier. 




BepJ’met. 

From Mutton suet. 

C. 

.... 78-62 — 

78-95 . 

76-18 

— 76-68 

H. 

.... 12-22 — 

12-43 . 

12-17 

— 12-50 

O. 

.... 8-83 — 

9-19 . 

11-03 

— 11-.54 


Tho atomic ■weight of stearic acid in a, h, and c (=C“H'”0’') = 531 j 
in d, according to Gerhardt’s hypothesis (C“H°®0‘), it is 298; the atomic 
■weight of glycerin, C®H*0®. From this wo may calculate how much 
stearic acid and glycerin 100 parts of stearin would yield in saponifi¬ 
cation, according as its composition was that indicated in a, h, c, or d. In 
a, for example, we should have ; 1082 ; 2 . 531 = 100 : 98'15; and 
1082 ; 92=100 : 8‘5. Hence we may calculate the following proportions. 
Tho data of Lecanu and Chevreui are likewise added. 

Clievreul. 

a. b. c. d. Lecanu. {at most.) 

Stearic acid.... 98'15 .... 96-55 .... 94-90 .... 94-01 .... 96-86 .... 95-1 


Glycerin . 8-50 .... 8-36 .... 8-23 .... 14-51 .... 8-00 .... 9-8 

Sum. 106-65 .... 104-91 .... 103-1.3 .... 108-52 .... 104-86 .... 104-9 


On comparing these calculations with the experimental data, it appears 
that Gerliardt’s view, d, is inadmissible, since, according to this cal¬ 
culation, stearin should yield a quantity of glycerin larger than any that 
has been obtained from it. Tho theory c gives too little stearic acid, and an 
improbable per-cenlage composition of the stearin; tho choice lies thoreforo 
between a and b. The theory b ajipears nt least to have this in its 
favour—that the quantity of stoario acid obtaiiioJ hy Locanu and 
Chevreui agrees with it better than with a. Tf, ho-u’ovcr, we take into 
consideration that a loss of stearic acid is scarcely to bo avoided in tliis 
experiment, so that tho quantity obtained ought rather to bo in defect 
than in excess, but that Lecanu (who examined the purest stearin) 
obtained rather more stearic acid than would bo possible, according to 
calculation b —and if wo further compare ChevreuTs analysis of stearin 
with its composition as calculated according to a and 6—we must certainly 
give preference to the hypothesis a, according to which 8HO aro sopnratod. 
It is true that this hypothesis does not agree with tho oft-ropoatoiL 
analysis of Liebig and Polouze {Ann. Pliarw,. 19, 204), according to 
which stearin does not contain more than 76-G per cent of cii.rbon; whonco- 
these chemists were led to regard stearin as a compound of 2 At. stoario 
acid (=2C“H“0’) with 1 At. glycerin, minus 3HO, or, which conios to the 
same thing, as a compound of 2 At. hypothetically anhydrous stearic acid 
(=2C™H"0“), with 1 At. hypothetically anhydrous glycerin (=C“I-HO'), 
and 2 At. HO. But, according to this liypotlicais, 100 parts of stearin 
should yield only 94-37 stearic acid and 7'06 of glyooi-in. Liohig (Chim. 
org. 2, 193) remarks that tho stearin analyzed by himself in conjunction 
with Pelouze was not quite pure; and the analysis was made with oxide 
of copper only. Such being the case, one cannot hut wish tliat those two 
distinguished chemists would repeat their analysis with perfectly pure 
stcMin; as the repetition might perhaps remove the only weighty obioctioii, 
which prevents the hypothesis a from being rccoivod. 
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IT Arzblcher’s analysis {Ann. PJtarm. 70, 289) above quoted seems to 
show that beef-stearin has the composition a; viz., 1 At. glyccriu-i-2 At. 
bibasic stearic acid—SHO, and mutton-.stcarm the composition c; viz., 
I At. glycerin-I-2 At. bibasic stoaric acid—4HO. These results have 
been discussed by Laurent & Gcrhardt {Oompt. mensueh, 1849, 343), who 
now regard stearic acid as isomeric (not polymeric) with margaric acid, 
and tlierefore assign to it the formula With this formula for 

stearic acid, they consider beef-stearin as a compound of 1 At. glycerin 
• -1-2 At.stearicacid-SH0 = C'>H«P“-|-2C^‘H’‘0‘-SH0=::C’^H‘®0® (which 
formula requires 79'2 p. c. carbon and 12-1 hydrogen), and mutton- 
stearin as a compound of 1 At. glycerin + 2 At. stearic acid—6HO== 
(which requires 76'8 p. c. carbon and 12-1 hydrogen) (vid. 
Jahresher. 1849, 341). 

In order to make this comparative examination as extensive as 
possible, the other fats which have been most minutely examined, are 
likewise calculated in the same manner as above, according to a and h; 
and in the case of palmitic acid, likewise according to c, and the results 
collected in the following tables. As these other fats yield monobasic 
acids, 4 At. acid are added to 1 At. glycerin, and 8, 6, or 4 At. IIO sub- 
stracted from the result. In these calculations, the composition of tho 
soapy acids is expressed by tho following formnlm : Margaric acid= 
—Oleic acid=C^“H^‘0‘;—Linoloic acid = Palmitio 

acid= —Myristic acid = ;—Laursteario aoid=C-‘H'“’‘0‘. 

—Under each por-ceutago calculation of a fat arc plaocd tbo quantities of 
acid and glycerin which 100 parts of it would yield by saponification. 


1420 

Margarin (8110) 
. 852 ... 

. 77-45 

1420. 

(GIIO) 

... 7G-21 

13GH 

. 130 .... 

. 12-37 

138U. 


... 12-34 

140 

. 112 .... 

. 10-18 

160. 

. 128 . 

... n-45 


1100 .... 

100-00 


1118 , 

... 100-00 


Margaric acid . 98*22 9C*60 

Glycerin . 8*3G 8-23 


100 parts of impure margarin from butter yields 04-5 pts. of acid and 
7'2 of glycerin; 100 parts of human fat (a mixture of margarin and oloin) 
yield 96’18 acid and 9-60 glycerin. (Chevreul.) 

Prom human 
fal. 

Qlsin (SHO) (GHO) Chevreul. 


150C. 

136 H. 

140. 

.. 900 .... 

.. 136 .... 

.. 112 .... 

78-40 

11-84 

9-70 

1 .OOC. 

13811. 

ICO. 

. 900 ... 

. 138 ... 

. 128 ... 

.. 77-19 .. 

.. 11-83 .. 

.. 10-98 .. 

.. 78-57 

.. 11-45 

9-98 


1148 

100-00 


1160 

100-00 .. 

... 100-00 

Oleic acid . 

.... 98-20 



96-74 


Glycerin . 

. 8-01 



7-80 








Linseed- oil 







(^containing 







Maryarin), 

Drying oil (8110) 


(OHO) 


»Saco. 

12CC. 

.. 750 .... 

78-42 

12fiC. 

... 750 

.... 70-99 

.... 78-12 

9GII . 

.. 90 .... 

9-90 

98H. 

... 98 

.... 9-98 

.... l()-9() 

140. 

.. 112 .... 

11-02 

ICO. 

.... 128 

.... 13-03 

.... 10-9-2 


904 

.... 100-00 


982 .... 

100-00 ... 

. 100-00 

Linolcic acid . 

. 97-93 



90-1.3 


Giycer 

in . 

. 9-51 



9-37 
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TYPES. 


Palmitin (8110) 
134 0 .... 804 77-01 
128H .... 128 12-26 
140 .... 112 10-73 


(OHO) 

134C .... 804 75-71 
130H .... 130 12-24 
160 .... 128 12-05 


Palmitin. Japan ivax. 
(4H0) Stenlvouso. Stbamer. 
134 804 74-45 76-07 73-95 

132 132 12-22 12-18 11-85 

18 144 13-33 11-15 14-20 • 


1044 100-00 1062 100-00 1080 100-00 lOO'OO 100-00 

Palmitic add 98-08 96-42 94-81 

Glycerin 8-81 8-66 8-52 

Botli palmitinj whiclt molts at 48°, and Japan -wax, -wliioli melts at 42°, 
are resolved by saponification into glycerin and palmitic acid. The 
difference between tlieni appears to be, that in palmitin 8HO are 
abstracted, and in Japan wax only 4HO. 



Myristin (8HO) 


(CHO) 


Playfair. 

118C .... 

. 708 

.... 75-96 

118C ... 

. 708 . 

... 74-53 

.... 75-43 

112 H .... 

. 112 

.... 1202 

114H ... 

. 114 ., 

... 12-00 

.... 12-20 

140 .... 

. 112 

.... 12-02 

160 ... 

. 128 . 

... 13-47 

.... 12-31 


932 

.... 100-00 


950 ., 

... 100-00 

.... 100-00 

Myristic acid. 




90-00 


Glycerin 

. 

. 9-87 



9-69 


Laurostearin (SHO) 





102C .... 

612 .... 

74-63 

102C .... 612 

.... 73-03 

.... 73-88 

.... 74-01 

96H .... 

96 .... 

11-71 

98H .... 98 

.... n-69 

.... 11-65 

.... 11-36 

140 .... 

112 .... 

1300 

160 .... 128 

.... 15-28 

.... 14-47 

.... 14-63 


820 .... 

100-00 

838 

.... 100-00 

.... 100-00 

.... 100-00 

Laurostearic acid ... 

. 97-56 


95-47 



Glycerin.. 


. 11-22 


10-98 




On comparing the analyses of these fats with tlieii- calculated com¬ 
position, it becomes more and more probable that in most of thorn 8HO 
are eliminated, but in Japan wax only 4H0; that is to say, exactly half 
the usual quantity. 

(For Chevreiii’s calculation of the relation which the composition of 
fats bears to their saponification-products, see his licclievches, 322;—i 
Fechner’a calculation; Kasln. Arch. 12, 33G;—Gusserow’s; Kastn, Arch. 
19, 69, and 219.) 

Tf we further assume—which however must bo looked upon as a moro 
fiction—that in these fats 4HO are abstracted from tho glycerin, and 
4HO from the 4 atoms of acid, the formula of margarin, for example, may 
be written; This glycerin-rosiduo, C^l-FO®, would have 

the composition of acrolein, a substance usually obtained in tho dry dis¬ 
tillation of glycerides; but wo have no more reason to supjioso that the 
fats actually contain ready-formed acrolein than that ether i.s contained 
in oxalic ether, to which we assign tho formula 2C‘IPO,C’‘0'’. Tlio 
aci-olcin is present only by its elements, tho atoms being arranged in a 
different way. This view is supported by Rcdtoubaclior’s observation 
{Ann. Pharm. 4JI, 138), that wliereas acrolein, wlion acted upon by an 
alkali, is immediately converted into a rosin, the glycerin-rosiduo of fats 
is immediately converted in saponification into glycerin, 

The copulated nature of the glycerides is likewise corroboi-atod by tho 
following observations: 
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Opusc. 1, 2G1.) In this reaction the excess of oxygen decomposes the 
glycerin-residue; whilst the manganous oxide combines with the niargaric 
and oleic acid. (Liebig & Pelouze, Ann, Phavm. 10, 208.)—Oxide of lead 
digested with a glyceride at 100“—110°, without any w'ater, yields, 
■without loss of weight, a lead-soap containing very little glycerin, but a 
very large quantity of acetate of lead. The acetic acid is derived from 
tlie decomposed glycerin-residue. (Gusscrow, Kasin, Arch. 10, CO.) 

2. When dry hydrochloric acid gas is passed through a heated solution 
of castor-oil in absolute alcohol, the liquid shaken up with water, and the 
turbid mixture set aside, it separates into a watery and an oily layer. 
The former, evaporated over the water-bath, gives off hydrochlorio acid, aud 
leaves a yellowish syrup, which, when treated with ether, leaves glycerin, 
whilst the ethereal solution yields, on evaporation, oily drops, consisting 
of a niixtiirc of the compound ethers of the acids contained in the castor- 
oil; hence the copulated compound of the soapy acids with glycerin has 
been converted into a compound of the same acids with ether. (Rochlcder, 
Ainn. Pliarm. 50, 2C0.) [What doe.s the oily layer consi.st of 1] 

Oleate of lead digested for 24 hours with margarin from palm-oil or 
goose-fat, the mixture being frequently stirred and kept at a tcmporatiiro 
between 100“ and 110“, acquires a much firmer consistence, because it is 
converted into margarato of lead, aud consequently the margarin is replaced 
by oleiu. No glycerin is set free. (Gusserow, Kastn. Arch. 19, 219.) 

Glycerides may be divided into those which yield volatile acids by 
saponification, and those which yield fixed acids. 

In the following table aro given the uamo and composition of the acid 
yielded by each fat, and, so far as they are known, the molting points of 
tlio fat and of tho acid. 


1. Fail which yield Volatile Acids, 





C 

H 

O 


Butyrin . 



8 

8 

4 


Valerin or DBlphiiiin. 


10 

4 


Caproin . 



12 

12 

4 


Caprylin. 



16 

10 

4 


Capria. 



20 

20 

4 


Hircin. 







Sabadillin 


. Sabatlillio Qcicl 





Crotonin. 







Ricinin . 






V.' 


2 . Fats lohich yield Fixed Acids, 






45^ . 


24 24 

4 


. 43° 

Cocosin . 

22 . 

Cocinic acid... 

26 26 

4 


. 35 


31 


28 28 

4 


. 49 

Benin 


Benic acid . 

30 .30 

4 


. 43 

Moringin 


Moringic aoid. 

30 28 

4 


0 

Drying fat or Linolein 


Linoleic acid . 

30 24 

4 



Palniitiu. 

, 48 . 

Palmitic acid . 

32 32 

4 


.. 60 

Putyroleiii 


Butyroleic aoid 





Hiciiiolein 


RIctnoleic acid 





Olein 


Oleic acid . 

36 34 

4 


. 4 


, 36 


36 34 

4 


. 44 


. 49 


34 34 

4 


. 58 

Stearin . 

. 61 .... 

, Stearic acid. 

68 67 

7 


. 70 

Murgarilin 


. Margaritio acid . 




. 130 























































fat is somewhat lower than that of the corresponding acid. 


Decompositions of Glycerides which yield Volatile Soap-acids. 

As these fats are not yet known in the pure state, but are always 
mixed with at least an equal quantity of olein, the following observations 
respecting them may suffice. They are much more easily resolved into 
their constituent elements than the fats of the more fixed acids. On mere 
exposure to the air, they gradually give off their volatile acid, from which 
tfiey derive their odour and their power of reddening litmus; the decom¬ 
position is more quickly effected by boiling with water or with hydrated 
alcohol. Oil of vitriol, by taking up the glycerin of these fats, likewise 
sets free the volatile acids. These fats appear also to saponify more 
readily than the others. 


Decompositions of Glycerides which yield Fixed Acids. 

Dry Dislillalion. Fats begin to boil at about 300°, but volatilize in a 
state of almost complete decomposition, the boiling point of the residue 
continually rising. They cannot therefore be said to have any fixed 
boiling points. At the commencement of the distillation, marsh-gas, 
olefiant gas, carbonic oxide, and a small quantity of carbonic acid, are 
evolved, and a distillate is obtained, the nature of which changes as the 
distillation goes on. The distillate obtained at the bogiuniiig of the 
process contains the following products : 1. Part of the acid which the 
fat would yield in saponification, ora similar acid. Thus stearin yields 
margario instead of stearic acid; and olein yields sebnoio as well as oleic 
acid.—2. Acrolein, C®H‘0°, which imparts to the distillate its extremely 
pungent and repulsive odour, and acrylic acid, C®H''0^, apparently resulting 
from the decomposition of glycerin.—3. A small quantity of acetic aoich 
which, according to Redtenbaoher’s suggestion, is formed from acrylic acid 
by the action of water.—4. Oily aldides, such as creosote and mnanthol. 
—.5. Numerous hydrocarbons, which generally appear to contain C and 
.p in equal numbers of atoms, some being oily, like cupione, oleene, and 
elaeno; others solid, like paraffin.—As the heal is continued, the acid dis¬ 
tillation-products diminish, and the empyreumatic oils increase in quantity; 
so that at length a distillate is obtained which does not redden litmus 
and from which aqueous potash extracts nothing.—The residue in the 
retort becomes continually thicker, swells up, chars, and when the retort 
attains a commencing red heat, gives off yellow vapours, which sublime 
like chrysene or some substance of like nature. From 1 to 4 per cent, of 
charcoal is left behind—One part of the acid residue contained in the fat 
abrtraots from the remainder the quantity of H and 0 necessary to convert 
It into the ordinary acid, and in that state passes over, chiefly at the 
banning of the dist.Uation, as an oily liquid which in moat cases 
soUdihes on cooling; while the other part of the acid residue, which has 
given up the HO, passes over at a subsequent stage of the distillation as a 
pemmenUy fluid mixture of various hydrocarbons.—On distilling fat 
nuxed with a large quantity of clay or brick-dust, whereby the volatiliza- 





tlivoiigh an iron tube at a low red beat, whereby it ia aubjocted to ii 
atrongor boat tliaii in distillation, it yields but a small qiiaiitity of lh[nid 
products of docomposition, Imtisfor tlio moat jjart resolved into ainixturo 
of gases, called Oil-(/us, wbioli, of all gases that are used for illuiuiuation, 
gives out the greatest (piantity of light in burning. It is a niixturo of 
carbonic oxide, hydrogen, marsh-gas, olefiant-gas, the vaponi's of two 
cnipyrcumatio oils (probably Cll'* and and boimiu —In 

this decomposition, the oxygen of the fata appears to pass almost wholly 
into oarbonic oxido. 

Sloio comhusiion. Fats which are licpiid at tho modium tomporatiiro of 
tho air, absorb oxygen from tho air at this toinperataro, exhibiting, in 
consoqnonce, tho phenomena of fAirf'caibii'/, iunihiff rancidy and uponUc- 
necus co7iib7istion. —Pal.s of tho sloarin otas.H undergo, when pure, no jmr- 
coptihlo alteration in tho air; but wlion, as gonenilly happens, they nro 
mixed with oily fats, they exhibit alteration.s similar to (ho latlor. 
hlvoii (,ho pure solid fats, if oxposod for some timo l,o tho air at their 
molting jioiiils, would probably oxhihit similar changes. 

Fixed oils euc.lo.sed in oxygon gas idi.sorh the gas very spiiringly for i.he 
first 4 or 6 months, Imt iiftmnvard.s very ahmidantiy, the absorption going on 
for 4 years, after which it oeascs, partly lor want of oxygen. The oils, 
(hiring thi.s action, give olf carbonio acid and carbnretted liydrogen gas 
[or i»ei'liaps a mi.'vtnro of hydrogen witli smiilhu’ (|naiititieH of marsh-gas 
and carbonio oxide]. In hmr years, 1 volume of drying oil absorbed about 
1(10 volumes of oxygon, and ovolvod about 24 volumes of ourboiiio aisid 
and 7 volumes of carbiiruttod liydrogon ; and 1 volmuo of non-drying 
oil absorbed 120 vol. oxygon, and gave off 2.1 vol. carbonio acid together 
with 0 vol. carlmrottcd hydrogen. (Saussuro, Pixjij, 2.1, ;)(i4.) 

The tliiokoniiig of tlio fixed oils is intimal^oly connected with tlio 
n.h8orpti()n of oxygon, but tlii.s a.bsori)lit)U a))pon.rH to bavo little to do 
with turning tbom rauoid. Tlio latter efibot nppnnrs to accmupuiiy tho 
action of tho air ou largo masses of tho oils, chielly when (hoy nro tioii- 
laniinatod with animal cullular tissue, omulsin, gluten, and other protoiu- 
suhstancos, whioli putrefy on exposure to Urn air, a,ml act as Ibrmeiits in 
hringiiig the oils into a slate of rancid decomposition, lleuco oils may 
1)0 i)rosorvod hy Apj)ort’s pi’ocos.s, viz., hy ])laciug bottles completely 
filled with them in water; keeping the water for some hours iit tho 
boiling heat; and olo.sing tlio bottles tiglitly during the a])plic,ati(m of tlio 
boat. Oils bocoiuo rancid more quickly when nxiniHod to light, ospooially 
to eunsliino, than in tlio dark (cowp. Save, JhdL Idamn, 5, 20). They then 
bocoino Ttioro viscid, almost like tiirjioutino, and yield a neutral odorous 
principle, one or more volatilo acids, and tlio same acid which is jiro- 
(luccd from tlioin in sapoiiillcatlon, wlioroliy they acquire an ofibiisivo 
taste and smell, and tho property of roddouing litmus. 

Ifog’s lard, spread over tho sides of a vossol filled with oX 3 i'gim gas, 
and left to itself for three years in a situation not exposed to Hunlight, 
ab.snrhs tho groator iiart of tho oxygen, evolving, liowevor, littlo or no 
carhoiiic acid, liccomo.s white, and smells very rancid, aromiilio, and Hour. 
If it lie washed roiioatcdly with water, the liquid distilled, the I'iuuiid- 
stnolling, acid distillato saturated with liuryta-watcv and distilled agaiiij 

YOh. vir. H 



tlvQ second distillate is not acid, but smells rancid, and after long koeping 
exhales the odour of Eoquofort oliecso. Tlio resulting baryta-salt con¬ 
tains an acid like capric acid, and perhaps also another. In tlio aqiioons 
residue of the first distillation, drops of oleic aoii! float, tinged witli an 
orango-yellow colouring inattov; tho distillate itself is yellow, has a sour 
and bitter taste, and contains a fixed acid solnblo in water, a yellow 
colouring iiiattor, and porbaps also an organic snbstanc.o not possossing 
acid properties. When tho rancid hog’s lard, after being thus washod 
with water, is boiled with alcohol of sp. gr. 0’H2, tlioii coo|oil, and Jilto- 
warcls thrown on a filter, it loaves on tlio filter a quantity of stoariii, 
together with more or less olein j tho filtrate yields, on ovaporiition, a 
very acid, oily resuluo, from which boiling water extracts an orango- 
yellow colouring matter; and if tho rosiiliio bo boiled with ningno.sia 
and water, tho water removed, and tho solid matter afterwards boiloil 
with alcohol, a quantity of neutral fat is dissolved out, and a mixtiiro ol 
oloato, margarate, and probably also stearate of baryta, roiimins boliliid. 
Houco it appears that bog’s lard, in turning rauciil, jiiclds tho following 
products : a volatile, neutral substance having a rancid odour, and similar 
to that which is produced in tho dry distillation of fats [aoroloiii]; _ a 
volatile acid similar to caproio, and perhaps also aiiothov volatile acid, 
which also contribute to produce tho rancid odour; oloic, margaric, per¬ 
haps also stearic acid; a yellow colouring matter, and a neutral non¬ 
volatile substance, soluble in water. (Chevroul, Itecherckes, 453.) 

Tho rancid odour and taste of spoiled fats may be roniovod, soraotimos 
by merely boating thorn with an equal quantity of wator; somotlmos by 
boiling them with vvatcr and magnesia, till tlio liquid no longer roii- 
dens litmus, thou straining through linoii, and washing witli Anitor 
(Kiihnko, iV. JBv. Arch. 30, 296); sometimes again by soaking thoiii 
thoroughly in cliliito clilorido of potash (Clmrlot, J. Phaiiti. 17, 3.57) or 
chloride of lime (Bonastro and Labavaquo, J. J’harm. 17, 350), ami iiftor- 
wards washing with wator. 

Drying oils exposed to tho air in thin layers, dry uji to an ohiHtio 
resinous substance; non-drying- oils aro convortod, by similar troiitmoiit, 
into a tenacious, greasy mass. 

When porous substances aro saturated with fixod oils, so that tho 
oil presents a very largo surface to tho air, tho absorption of o.xygcn 
takes place more quickly; tho dovolopincnt of heat wliich ii«cflrii|iaiiiOM it 
accelerates tho process; this again produces a more vaind ovolutimi of 
heat, by whioh the oxidation is still further accolcratod; and at last, 
when the mass is coiisidorahlo, tho tomjioraturo rises to tho jioint at 
which rapid combustion takes place. 

Tliis spontaneous combustion of fixed oils, wliioli is a frocinoiit caiiso 
of firos, occurs more readily with drying tlian witli non-drying oils, It 
takes place in intervals varying from a fow hours to four wooks, when 
consicloiuble masses of lanip-lilaek, tow, linen, paper, cotton, calico, ivool, 
woollen stuffs, sliip’s cables, wood-asiios, ochre, &o., aro slightly soakcitl 
in oil, and packed in such a manner, that tho air has mmlorato iiccohh to 
them : a rapid oliango of air exerts a cooling action (comp. Sonimor, O’il/i, 
63, 426; Hagon, GUI). 03, 439; Bizio, Jirwjn. Giom, 13, 134; Miuj, 
Pharm, 7, 166; iScher. Anji, 3, 41.9; Kastaor, KaMn. Arch, .6, 208; 
Mease, iSiK. Amer. J. S3, 147 and 199; lliti!, JV. Hr. Arch. 09, 294; also 
Graham’s Chomioftl Iloport on tho oauso of tlio Eire in tho “Aniazoii," 
Ghem, iSoo. Qic. J. 5, 34). Many kinds of ooliro take lire during the 
process of trituration with fixod oils. (Moase.)—A mixture of minium and 
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lineoocl-oil, •wliicli had been kept for some yeai’S, took firo while being 
pulvoi'izod [Phil. Mag. J. 11, 324).—The vegotablo residue loft after the 
preparation of Olea coda often exhibits spiontaneous combustion {Mag. 
Phann. 7, 158; Boissonot, Ann. J. Pharm. 8, 133; 10, 191; Boulogno, 
J. chini. m6d. 22, C72).—The trimmings of lamp-wicks kept in an oi)OU 
wooden box hayo boon known to take firo, (Theiiard, Comiot. rend. 23, 
841).)—If a round hole bo mado in a largo lump of Magnesia alhn, and 
smeared witli boiled and still warm linsood-oil, till its sides are saturated 
to tho thickness of -j: of a line, a strong smell of lin,seed-oil and groat heat 
are porcoptiblo in tho aporturo after tlio lapse of an hour—then a tldck 
smoke—and, after an hour ami a half, tho sides exhibit a bright red heat, 
which continues till tho oil is complotoly burned. (Pfliigfoldor, llepert. 
r>6, 97.) 

liapid coinbustion. Fats, in couscquonco of thoir higher boiling 
points, require a stronger heat to set tbom on liro than tho greater 
uiimbor of volatilo oils. Thoy burn with a very bright, whito flamo, 
which deposits no soot, unless the supi»ly of air bo insulliciont.—TIio 
wick laeilitates tho combustion, inasmuch as tho oil wliich rises through 
it can more roadily bo brought to tho tcm])oraturo required to set it on 
fire, (llo.spoctiug the nature of a candlo-llamo, comp. 11., 30.) In tho 
Argtiud lamp, the current of air la stronger, anil tho oily vapour is not 
compelled to rise so high, in order to rocoivo tho quantity of oxygon 
noeossary to burn it; houco tho llamo is shorter but more oonoontratod; 
and tlio particles of soot being brought to a strongor whito heat, give out 
a brighter liglit. But the portion of light wliieh can diHiiso itself 
tliroiigh tho space required to bo illumiuatcil is almost wholly oonilnod 
to tho outer surface of tho cylinder of oily vapour whicli rises fi’om tho 
wick; of that which is proilucod in tho interior, a considerable (luantity 
is lost. If, thou, by a suitable construction, as in Bonklor’s 8o-callo<l gas • 
lamp, tho inner current of air can bo retarded (being, liowovor, kept strong 
enough to prevent flickering) and tho outer current strongthenod, so that 
tho greater portion of tho oil shall bo burned on tho outside, a given 
(juantity of oil may bo mado to produce a much greater quantity of 
light. 

That fats undergo slow combustion bolow tlio tomporaturo at which 
thoy take firo, is shown by tho following observations ; When a fixed oil 
or wax is placed upon a piece of metal heated to a toinporaturc much 
bolow redness, slow combustion tiiko.s place, accompanied by a pioculiar 
odour and a luminosity porcoptiblo in tho dark; similarly, when a candlo 
having its wick well saturated with tallow, is blown out ni such a manner 
as to leave tho wick at a heat bolow roduoss. (Charles & AVilliama, Phil. 
Ann. 0 , 44;—ci07?i.p. also Bossaignos and Williams, I., 200, 201.)—Tallow 
heated in an open s 2 )oon till it takes firo, then blown out and plunged 
into oxygon gas, bursts into flamo again, (Graham, Elcmenis of 
Chemislry.) 

Chlorine, Bromine, and Iodine decompose fats by forming substitu¬ 
tion-products, which havo as yotboon but little oxanuued. 

Fuming nitric acid sots firo to drying fatty oils; a mixture of this 
acid with oil of vitriol sots firo oven to oloin; but solid fats are but 
slowly decomposed by fuming nitric acid.—When fats aro boated for 
some time with dilute nitiio acid, tho ])roduct8 of decomposition aro tho 
same that would bo formed by tho action of nitric acid on a mixture of 
glycerin and tho soap-acid of tho fat. Thus, glycerin yields oxalic, and- 
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perTiaps also acetlo acidj and tlie soap-acid is convortod by jn ogrossi v o 
oxidation, first into a resinous mass, tbcn into various other aculs, such 
as suberic, pimelic, adipic, lipic, succinic, and others, dilTonnfi'accovi ing to 
the nature of tho original acid.—When weak nitric acid acts for a slioilor 
time on fats, its decomposing action is exerted almost wliolly on tlio 
glycerin-residue, the soap-acid of tho fat being sot free, occasionally in a 

somewhat altered state, , ,, , p , 

Oil of Vitriol at high tonipcraturcs browns and blackens Juts, giving 
off sulphiiroiia and sometimes also formic acid, and forming a rCHiiioiis 
matter, a substance like tannin, and a coaly substanco,_ all of which 
appear to contain sulphuric acid. When oil of vitriol is very gently 
heated with twice its weight of fat, it unites with tho glycoriii-ri'Hidjio, 
forming sulphoglyocric acid, while tho soap-acid of tho fat remains 
behind. 

Comhinations of Glycerides. —All glycoridos aro porfoctly insoliihUi in 
water,—A. Fats in tho liquid state absorb various gases.—B. Fats in 
tho liquid state dissolve phosphorus, and thereby acipiiro tlio jirnporty of 
shining in the dark.—C. Fats in tho liquid state dissolve sulphur.—Fats 
are soluble in sulphide of earbon.—D. They may bo niado to unite with 
selenium by fusion.—E. In tho liquid state they di.ssolvo iodino, whiidi 
then exerts a gradual decomposing action upon thoin.—F. They mix 
with tho chlorides of phosphorus and sulphur.—They aro not solublo in 
aqueous ammonia; but liquid fats form with it a white pasty mixture 
which takes a long time to separate : Liniment —6. Fats in the liquid 
state dissolve certain metallic oxides, such as arsonions-acid, arsenic acid, 
load-oxide and cupric oxide, the combination being, hewevor, prehaldy 
attended with some decomposition. Many fats likewise mix witli 
chloride of arsenic.—H. Fats aro miscible with various orgiinie iiciils, 
especially with those which contain but littio oxygon, e. y., stoarie, eleie, 
suberic, camphoric, and bonzoic acid; they lilcowiso tako up a sniall 
quantity of oxalic acid.—I. Most fats dissolve but sparingly in alcidiol, 
wood-spirit, or acetone. According to Saiissuro, tlioy aro more sidiible in 
alcohol, in proportion as they contain moro oxygon ; honco also a fixed 
oil becomes more solublo in alooliol, as it oxidizes by oxposuro to the air. 
Ether dissolves most fats moro nbimdaiitly than alcohol; and volatile 
oils mix with thorn with great facility. Fats lilcowiso ilissulvo camplicrs, 
and the greater number of resins, resinous colouring mattors, ami 
alkaloids. Glycerides likewise mix with most otlior bodies included in 
the class of fats, as well as with each other. 

IT Isomeric transformations of Glycerides. — Hointz obsorvod that 
mutton-stearin, enclosed in a capillary tube and boated in tho wator-batli, 
becomes perfectly transparent at 5^ or 62°, opalescent at a soiuoivliat 
higher temperature, resumes its opacity at about 58“, and fuses at 02“— 
62‘5° A thin film of stearin, immersed in water, becomes perfectly trans¬ 
parent at 51 52°, without changing its form {Bar. Ber. jkad. 184(), 
222; Fliarm. Gentr. 1850, 188 ; Instit 1849, 090; Jahresher. 1849, 
342). 

These phenomena have been more minutely examined by Duffy 
t^Ohem. Soc. Qu. J, 5, 197), who finds that stearin is suscoptiblo of throe 
isomeric modifications, each of which is distinguished by a peculiar molt- 
ing point. When gradually heated, it molts at tho toraporatiiro of the 
first of these points (about 61°), tbon solidifies; molts at tbo tempera- 
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.lio nocuiul, HolidifloH j molts iit tho toiniiovatura of tlm third 
*’), iDid thou solidifies only when tho toiiiponitiii'o liiislalloii holoiv 
Aftor Holidifyiiifj; at this point, it may ho made to molt a^aiii 
fSt, Hocoud, and third iiudtinj' jioiutH rosjiootivoly, Holidifyiii^f 
, holow all tliroo j and thoso (diaii^os aro producildo iu this 
I to any oxtont, willuiut tho sli^litost loss or ^oiiu of woi/,dit. 
.toirino ajiproaohoH to parity (hy ropcaloil crystallimtion from 
inlurval hutwoon tho first and socoml molting; points diiniii- 
1)00 it is pridialilu tliat porhictly pure stoarin*' (wifudi has novor 
i)hlaiiit!d) wonld oxhildt only two molting pidiits, thoso, namoly, 

I hero rallod tlm first and thinl. 

ii'oo niodillcations also dilfur in ilonsity, tho first lining lightor, 
I and third hoavior than water j at Ifi’, tho donsity of tlio first is 
f tho Hoc.ond I'OIOI, of tho third 1 - 017 S. 'i'hcao munhors 
iintton-stoarin orystallizod ,‘)t! times from othor, and liaving its 
.ing pidnt at 

r modifications aro iixhiliitod hy otliov glycoridos, viz., stoarin 
fat, a glycorin-fat from a hind of vogolahhi tallow (tho history 
i.s not oxac.tly hnowii), palmitin and niargarin, 'i'ho following 
hits Llu) molting points of thoso fats; 
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•opcvly of oxistliig in two, if not lliroo modifloatlonB, ajipoiirs 
mg to any fatty sulistiuicoH oxoopting tho glyoorin-fats : at all 
) aciilM dorivod from tlicnii do not [ioshohs it; noillior is it ux- 
r Htoai'ic or ourotio othor, corotiii, corotono, Chiucso wax or 
If 


ni'i'Hl Hltiio'ln whliili Dairy iiliUiiiciI liiul heun cryHlulliiicil .'lli liincH IVoin 
imiuiilcil to only H Ki'ionmcH rroni ‘I kiloKriuiiim's of lliti cnoln ha; it still, 
liriii'cil III lie not qiiilc |nn'i'| for (hr rrsUUiu of tliu inotluir-UquIil diMiiroil in 
L liy T fniin llml which nrynUiUuud out. 











COMPOUNDS CONTAINING 2 AT. CARBON. 


METHYLENE SERIES. 


A. Primary Series. 


A. Pnmary Nucleus. Alelliylene, C^H®. 


Syn. Forme, Palen (tlie term Methylene is derived from /h'Ou, tame, 
and uXij, wood), ikd. p. 258.—Obtained in 1835 by Duinns and lYliyot 
(Ann. Ghim. Phys. 58, 28), but not accurately Icnoivn. Rognault (Auji. 
Cfiim. 71, 427) doubts tbo existence of metbyleno, inasmuch as it is not 
obtained by treating methyl-ether, CTPO, or 'wood-spirit, C“H*0^, with 
excess of oil of vitriol. H The decomposition of lij^dratod oxido of 
tctramethylium might bo expected to yield iiiethylone, jnst as that of tho 
hydrated oxido of tetrethylium yields olefiant gns (p. 180); but thoro 
appears to bo something peculiar in the decomposition whicli provouts 
the separation of this compound. (Hofmann.) *1 


Preparation. Gaseous hydrochloric methyl-other, C*I-P,I-IC1, is 
passed in the dry state through a porcelain tube kejit at a chorry-rod 
heat; and the resulting gas is freed, by agitation -with a largo quantity 
of rvater, from the hydrochloric acid gas produced at the Baiuo tiino, aiul 
portion of the ether, tho 'washing being oontinuoil 
till the gas burns without formation of hydrochloric acid.—As a certain 
portion of charcoal is deposited in the tube, the gas thu.s obtained cannot 
DO considered quite pure. 

Colourless gas, having no reaction on vegetable colours. 


2C 

2H 


12 .... 8571 
2 .... 14-29 


C-vaj)our 
H-gas. 


Vol. Density. 
2 .... 0’8320 
2 .... 0*13B6 


.... iUU'UU 


iuecnyiene-gas 


1 04853 

f when set on fire in the air burns with a yellow flame • 2 voluraoi 
of it^nrn in the detonating endiometer with exA-ss of oxTOon Is con 
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Methyl, cw = C“l-P,l-1 1 

Fuankland Sc, Kolbk. Ohem. Soc. Qu. J, 1, GO; Ann. Pharm. G5, 251, 
K()I,bk, Chcm. Soc. Qu. J. 2, 173j Ann. Pharm. G.9, 279. 

Fuankland. CIicm. Soc. Qu. J. 2, 297; Ann. Pharm. 71, 213 ; iV". Ann, 
Chim. l‘hys. 29, 253. 

Tlua compoiiiid was first obtained by Kolbo in 18'19, by the olcetroly- 
ais of acetic acid ; Fmuklaiid afterwaials obtained it by the action of zinc 
on iodide of niotliyl. Tbo g.as wbicb Fninkliuid anti Kolbo bad provi- 
oualy obtained, in 1848, by decomposing cyanide of otliyl with |)otaaaiiini, 
and whieli they at first regarded as methyl, C“IP, is now considorod by 
Frankhind to bo Llio hydriilo of othyl, C*rP,Ii=C‘I-P. 

Preparation. By the Electrolysis of Acetic acid. —■When a concontratod 
solution of acetato of i)otash is aiibjoctod to tlio action of tbo oloctrio 
oiiiTontj a niiinbor of gaseous products aro ovolvod ; viz., carbonio acid, 
hydrogen, an inflaiuniablo, inodorous ga.s, and a gas which .sinolls liko othoi’j 
tbo last is completely absorbed by sulphurio acid (if the sinallost tpiantity 
of clrlorido of potassium bo prosent in the solution, clilorido of methyl is 
formed). Tlio gaseous mixture thins ovolvod, after being frond from car¬ 
bonic acid, contained in ono experiment, in 100 volumes : 0'7 vol. oxy¬ 
gon, GO'S liydrogon, 32‘G methyl, 2'1 oxide of methyl, 0‘8 ncotato of 
methyl j in another experiment, GG vol. hydrogen ivoro obtaiuod to 28 
methyl. If tbo solution of acetate of potash bo dividoil by a porous dia- 
plinigin, so that the ga.sos evolved at tho two polos nm.y bo collootod 
HOiiaratcly, nothing but hydrogen is evolved at tho negative polo, wliilo 
at tho positlvo polo thoro is ovolvod a gaseous mi.xtiiro, which, after 
being troatod with potash and with sulphurio acid, loavos nothing but 
mothyl ini.xod with a small (quantity of oxido of mothyl. (Kolbo,) Tho 
decomposition is oxprossod by tho following oqualion (comp. p. 171): 

c'li'o' »= oni» H- 200= -I-11. 

Methyl thus prepared (mixed with traces of tho oxido) is an inodo¬ 
rous and’ tastoloss gas, insolublo in water, and burns with a bluish 
llamo, which givo.s but little light. Alcohol dis.solve.s an equal volume, 
abHorbiiig it wilbout residue. It is not dissolved by sulpburio acid or 
by peiitacblorido of antimony. (Kolbo.) Tliosii proportio.s aro likowiso 
possiwsod by tbo gas obln.inod by docomposing cyiiuido of ethyl with 
potaH.siinn; linnco Kolbo considorod the two iduntical, Fraukland, bow- 
ovor, as already obsurvod (p. 172), regards thorn as moroly isomeric,— 
Methyl docs not litpiofy at —18“". 

Vol. Density. 

2C . 12 .... HO C-vapoiir . 2 .... 0'8820 

311 . 3 .... 20 11-gns. 3 .... 0'207a 

C4D . 15 .... 100 Mothyl-gns . 1 .... 1'0309 

Tho density of tho gas obtained from cyanide of othyl by potassium was 
found by oxjiorimont to bo 1'075 (Frankhind & Kolbo), (it contained a, 
littlo of tho lioavior vapour of the oyanido). Tlio density of tho gas 
produced by tho oloctrolysis of acotic acid and by tho action of zinc on 
iodide of inclbyl, does not a])poar to havo boon directly dotormined; but 
that of a mixture of 20 vol. 00*, 60’3 vol. mothyl, and 4*7 vol. oxido of 
methyl (obtaiuod by electrolysis of acetic acid), whioli by calculation 









slioulil bo 1'192, was fouml by exporimoiit to bo ■M72. (Kolbo, Chcm. 
Soc. Qu, J. 2, 182.)—[For tlie discussion rcsjiccling the viipour-volume of inctliyl 
and the other organic rndioala, vid. pp. 171-17'1.] 

1 vol. methyl requires for complete comlmatloii 3J vol. oxygen (2 vol. 
C-vapour require 2 vol. 0, ftud 3 vol. 11 rnquiro I 7 } vol. O), iiiid ylobls 
2 vol. carbonic acid gas,—1 vol. chloriiio and 1 vol. inotliyl yield 1 vol. 
liydrochlorlc acid gas and 1 vol. of a gas having tbo lornuda C'lPClj 
and the same aetion is exorteJ by chlorine on an equal volnnio ot the 
hydride of ethyl obtained by tbo action of potas.sium on ('.yanide of ethyl. 
It i,s most probable, however, that in tbo former caao, tho chlorinu aet.s 
on only half tho methyl, yielding a mixture of methyl, C"IP, hydroohlorio 
acid, HCl, and another gas having the composition C“(n“Cl), or, mothyl 
with 1 At. Cl. 8uh.stitutcd for H; thus, 

2C-U’ + 2C1 = enp H- c!(ipci) -I- nci. 

A mixture of CTP and C^H^Cl is ovulontly equivalent in eomposition 
to CHPCl.—When 2 vol. chlovino aro mixed with 1 vol. methyl, the. 
products aro, in fact, 2 vol. HCl. and 1 vol. of a gas Imvlng tho eo_m- 
position CH-PCl. But whon 2 vol. chlorino aro mixocl with 1 vol. hydride 
of ethyl, 2 vol. hydroohloric are produced, together with an oily litiuid 
having the same por-centago composition as Dutch li(|tii(l, (PIPCI''*. 
Prom thoao results Prankland concludo.s that tho two gases ahovo-mon- 
tioned, tho one obtained by the electrolysis of acetic acid or by tho action 
of zinc upon iodide of methyl, tho otlior by the action of potassium on 
cyanide of ethyl,—aro really difforont, tho ono boing tho true nulioiil 
methyl, CH-I®, and tho latter, hydrido of othyl, C'dl'I-I. Tho latter is 
also obtained when iodido of othyl is docomposod, in prosonco of water, 
cither by the action of light or by zino {vid. p. 171; also Chcm, &ic, Qit. •/. 
3, 338). 

Methyl does not combino directly with any of tho chmioiihn'y hoilioH. 
According to tho radical-theory, liowovor, it is capable of ontoring into 

combination with nearly all of thorn. Thus, Mctlnjl-cthcr, QjJpiC*, is its 

oxido (p. 191); Wood-spirit, O’, ils hydrated oxitlo. With Sulidnir 

it forms corresponding oompounds. With Iodine, Broniiiit^, Cliloi'ine, 
Fluorino, and Cyanogen, it forms ethers of tho h(!Cond olass (p. MItl), 
With Nitrogen, it forms Trivicllii/hmine and Tdruiiirtlti/liitin ; with 
Nitrogon and Hydrogen, Methylamine and DmiHhyUmiiir. With >line 
it forms a compound radical called Zbic-metkyl, G’IPZn; with Anti¬ 
mony, Slihmeihyl, (CM-P)’Sb, and Stibmetliylum, (C'*H'')‘Sh. It may 
also bo considered as existing in Cacodyl, C*H'',Ah“(CM1''J'''Ah, and in 
P. Thenards pho.sptiorus-baso, C’IPr=(C’liyr. It exists also in con¬ 
junction with other organic radicals, in many other conniouml anmumias, 
e. g., Methylethylamine, Melhylaniline, &o. &o. "ff 

Marsh-gas. CM'P = CMP, IP. 

Volta, Ueber die entzihidhare Lnft der Si'mpfe, ubors v. KiiHinii, 
Strashurg, 1778. 

CauiKsnANK. Nichols. J. 5, 1; also 6'cher. J, 7, 371; also Cilb, il, 103. 
Dbiman, Pats van Troostwi’k, LAvmiiiimiuuciii & Vuolik. Cl/b. 
2, 201; also Crell, Ann. ITOb, 2, 105 and 310. —-liniiTifoLl.KT. 

de I Academk des Sc. 1785.— de/.'rmlitut. 4, 20!); also 
Mer.J. 10, 575.— Mm. d'Arcueil, 2, 08 and <184; also Cilb, 34,300. 
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Tii. SAUsauRB.— I’lio gas obtained from Alcohol and Ether at a red boat. 
J. Pliys. C4; also Gilh. 129, 287. 

W. I-lB NRir.—Gas obtained by dry distillation. Nicholson, J. 1805; also 
Gilh. 22, 5S.—Electrization by the gas produced from coal. Fhil. 

1808 and 1809; abstr. Gilb. 36, 298.— Fhil. Tncins. 1821,136; 
also JN. Tv. 6, 2, 225. 

Tii. Thomson. —Gas obtained by tlio dry distillation of Peat. Nicholson 
J. 1807; also Gilb. 34, 417. 

BnitzEWUs. Gilh. 37, 466. 

Dalton. System of Chemistry, 2, 255. 

BiiANDK. — Coal-gas. Fhil. Trans. 1820, 11; also Anji. Chim. Fhys. 16, 
66; abstr. N. Tr. 6, 2, 218. 

DujrAS. Ann. Chim. Fhys. 73, 92; also Ann. Pham. 33; 187; ahso 
J. j)r. Chem. 1 9, 310. 

G. BisoiioP.—Pit-ga,s. N. Ed. Fhil. J. 28, 183; 29, 309. 

Graham.— Pit-gas. Fhil. Mag. J. 28, 437. 

SsTN. Light Garhuretted Hydrogen, Prolocarhurctled Hydrogen, 
Mursh-air, Pit-gas; Heavy Injlammahle Air, Heavy Gomhustiblc Air; 
Schioere hrennbare Jntft, Sumpfga.s, Snmpltft, Grubengas; Gas des marais; 
Gas hydrogane curburt; Gas hydrogthie protocarbond [Lefonm!] •—First 
o.'camined by Volta in 1778, in tho form of nmrsh air; also by Pricstloy, 
Cruikshaiik, Dalton, W. Henry, and others. 

Sow oes. 1. In tho mud of bogs, .as Marsh-air {Sumpln/t). It is 
forniod tliero by tho putrefaction of organic substances, such as woody 
Jibro; and rise.s, when tho mud is stirred, together with a largo quantity 
of carbonic gas and a small quantity of nitrogen. It docs not contain 
carbonic o.vido. (W. Honry.) 

2. In coal-minos, as Mine-gas or Pit-gas, whore it mixes with the 
air of tho niino and forme an explosive mixture, whioli on tlm approach 
of a lanij), if not surroundod with Davy’s wiro-gauzo (II. 34, 35), causes 
terrible explosions; Fire-damp (Fewige Schimden, Schlagende Wetter, 
Fete, terron on grisou). In those mines, tho gas appears to ho produced, 
not by tho action of strong heat upon the coal—inasmuch as it is free 
from oarhonio oxido and gonoi-ally also from olefiant gai3—but rather by 
a dccom])o.sition of tho coal induced by tho prc.souco of water. According 
to W. Ilonry, it arises from tho decomjmsition of water by carbon as 
follows: 

4C + 4110 = 2CO= + C=n'. 

Pit-gas rarely contains any other combustible gas, but is generally mixed 
with air, soniotiinos containing excess of nitrogen, and somctinios also 
with carbonic acid.—According to Turner {Phil. Mag. J. 14, 1), tho 
following gaseous mixtures aro found in tho coal-miuos at Newcastle; 

Excess of Carbonic 



S]>. gr. 

Marsh-gas. 

Air. 

Nitrogen. 

lientimm Coal Scum. 

0-0024 

.... 91 

9 


Yard Coal Sonm . 

0-0000 

.... 9,1 

7 


High Main 8oam . 

0-0190 

.... 85 

8 

.... 7 

.Ijow Main Soam .■.. 

0-8228 

.... 37 

40-5 

.... 10-5 

Uiitton Soaiu. 

0-9000 

.... 7 

82 

.... 11 

Adelaide I’il, lluttoii Seam . 

0-8000 

.... 28 

07-5 

.... 4-5 

Kniiletoii .Timo I’it HuUon Scam 

0-7470 

.... 50 

0 

.... 44 

llioM.soii Pit tluttou Henm. 

0-7800 

.... 60 

2,a 

.... 27 

llenslmm Ccml .Scum . 

0-C391 

.... 81-5 .... 

18-.5 


.Tarrow Colliery .Semu . 

0-0-209 

.... 89 

11 


Bontliana Scam . 

0-7278 

.... 08 

28-7 

.... 

















Graham {Phil. Mag. J. 28, 437) found the following; 

Sp. gr, Marsli-gas. Nitrogen. Oxygon. 
Fivo-quarter Seam, Gatesheail Colliery.... 0'5802 .... 9-l'2 .... 4'5 .... 1 3 

Bensbam Seam, Hebburn Colliery . 0'6327 .... ■■■■ ■••• 0'“ 

KUiingwortli Colliery. 0‘C306 .... 82’5, .... lu'5 .... 1‘0 


These throe gases arc perfectly free from olefiant gas, hydrogen, carbonic 
oxide and carbonic acid. For; 100 vol. mixed with 100 vol. chloriiio, 
placed ill the dark for 18 hours, and then washed wdth potash-ley, take 
up only 5 vol.; and the pure marsh-gas prepared from acetates takca^ up 
quite as much when similarly treated. Phosphorus does not burn in a 
gaseous mixture which contains but of olefiant gas or of tlio vapour 
of any other hydrocarbon; hut in the above-men tioned pit-gases it con¬ 
tinues to shine brightly; hence they must bo free from those liydrocarboiis, 

■—Platinum-black does not alter the volume of the three gases in 24 honi’s, 
and produces neither water nor carbonic acid; but on the addition of 
1 per cent, of hydrogen, condensation begins even in three minutes; and 
if 1 per cent, of carbonic oxide be added, the gas will render liiiio-ivator 
turbid in the course of half an hour. Potassium fused in pit-gas docs not 
become covered with the green, fusible substance wliich carboiiio oxide 
forms with it, hut merely produces the trifling expansion that it ivoiild 
produce in the gas obtained from acetates, probably due to sciiarntioii of 
hydrogen. (Graham.) 

The pit-gas which escapes from fissures in the oldest coal-formation in 
the Saarbriick, contains, according to Blscbof, neither oxygon, carbonic 
oxide, nor vapour of oily hydrocarbons condensable by oil of vitriol; but 
small quantities of olofiaut gas, and likewise the following; 


Marsh- Olefiant Carbonic 

S)). gr. gas. gas. acid. 

Wellcsweiler Pit. 0-5712 .... 87-43 .... C-05 .... 2-22 4-30 

GrThard'sPit . 0-6513 .... 79-84 .... 1-90 .... 14-36 .... 3-00 


The presence of olefiant gas is indicated byBischofs oxpoviments with 
chlorine and oxygen, hut not by those made witli oxide of coppor. 
According to Bischof, also, the pit-gas is produced, not by firo but bv 
putrefaction; and Iho nitrogen contained in it proceeds, not from tho tiir, 
but from putrefied nitrogenous matter. From the boro-liolo of an Arto- 
Sism wdl at Lickweg in the Schaumburg, wbicb penetrates into tlio now 
®ial-foijnation of tbo lias, there issues, probably from tho highly car- 
bomferoM shale, a gas which burns with a bluish flame, yello-iv at tbo 
apex, and, ^ter being freed from carbonic acid, is found to contain 7.9-10 
per of marsh-gafi, olefiant gas, and 4-79 of an incombustiblo 

3. M^b-ga^ UkewiEO issues from the earth in places more or less 

Envltf f of a stream at 

asdlay, 7 English miles from_ Glasgow, agd at least three from the coal- 
lomatian, there issues a mixture of 87*5 ynl mT-rRli o-na anri lo.r • 
a »l .» «», Clime, t, b." .S ' 
iroda; the gas issues m largest ouantitv nu.i toi nvo 

the Stamm itself. (Th. Thorafon, N.Ed PhU J i 
tmtotoins the Sacred Fire of Baku L mtI'l’. <5^-,)-Tbo gas which 
ceuL of oHmcrfiTi ftvsil 1 i- mixed with G por 












cartli Ims been obsorvocl at the yilliigo of Charlcmont, in StnfTordsbirc; 
ii worknian. ■was led to tlio diacovevy of it by tlio absence of all vege¬ 
tation near Uie spot. By fixing tubes in the ground, lio obtained a 
constant stream of gas, which burned with a dear pale blnisli flarao, 
giving both light and heat. He likewise found a similar issuo of 
gas at his cottage, 130 yards distant from tbo ])laco whoro ho first 
observed it; and the supply was so abundant, that no perceptible 
diminution took place, oven after tho gas had been burnt for several 
weeks Irom nine tubes. Tbo spot is inoro tbau a milo from any coal- 
minoj but many disused fissuro.H occur in the saino locality, and tho 
gas jirohably finds its way tliroiigli these from tho largo coal-strata in 
tho noighbonrliood. 1000 volumes of tho gas wore found to contain 99G 
marsh-gas, 3 carhouio acid, and 1 hydrogen or nitrogen. Sj). gr. 0’.3(3126. 
It cotilains thoroforo loss carbonic acid and nitrogen than tho gas which 
kssuos from bogs, or tliat which is found in old mines. (S. S. IIoAvard, 
Chm. Gaz. 1849, 409; Inst, 1849, 40C; Jahresher. L. <Cr K. 1849, 789.) <11 

Forinalion, 1. By the putrefaction of certain organic substances. 

2. By tho dry distillation of such substances, or by passing tliuir vapours 
through a rod-hot tube; c. r/., wood, turf, coal, re.siii, fat, alcohol, other, 
ciunplior. Tbo gas thus obtained is a mixture, in very variablo pro])Ovtions, 
ol liydrngon, carbonic oxido, inarsh-gas, and ololiant gas, togetbor with 
the vapours of ompyroumatlc oils and camphors.—Gasuons mixtures of 
this uiituro wore regarded by Sanssuro {Gilh. 29, 287), BorLbollot [Oilh, 
34, 390), Tlioinson {(lUb, 34, 417), and Murray (in his Hi/slem of 
Vkanish'!/), as peculiar .siniplo ga.Hc.s, which they designated by tho com- 
lutm niinio of Oxi/CdrlnircUcil J/i/drniim Gas. On tho contrary, Cruik- 
shiuik, W. floury (Jnn, I’hiC. 1.3, 37), Dalton {iSi/stan, 2, 2G0), OiUd II. 
Davy {/ilmoits, 1, 283), adopted tho simpler liypothosis, move consistent 
with tlio dootrino of dofinito proportions, that those so-callod oxycar- 
huvottod li^drogou gases aro inixturo.s of carhouio oxide, wiiich yiohls tho 
oxygon, with hydrogen and various hydrocarbons; any rofiuirod oxycar] 
burottod hydrogon gas may, indeed, bo obtained by mixing oarbouio 
oxido with tbo last-inontionod gases. Tlio mixtures may bo freed from 
olefiant gas by cblorluo in the dark, or by iodine; tiio residual gas, con¬ 
sisting of liydrogon, carbonic oxido, and marsb ga.s, exploded with excess 
of oxygon; tlio diminution of volimio ascortainod by luoasiiromont, and 
tho (pianlity of ciirhonic acid by ah.sor])tiou with ciuiHlic potash; and 
tho prcuioi'lion of the tlireo gasos in the luixturo, tliou deturminod by 
caleulalion. A inoiisnrod volume, c.f/., 100 vol. of such a mixtnro of 
carbonic oxide, hydrogen, and niiivsh-gaH, is mixed with a inoaHiirod 
quantity of oxygon, more than suHudent for the comploto coinhiistion of 
the goiH, and tlio niixturo oxjiloded by the elocti’lc, spark. The residual 
gas is measured; hydrate ot pota.sli tliou iutroducod into it; ami when 
tlio absorption is coniplote, tliorosidiial gas is also measured. This residue, 
deducted from tho volmno of oxygon introduced, gives tho quantity of 
oxygon (=0) consumed in tho coinlmstion. The dcoroaso of hulk caused 
by tlio potnsli gives tlio volmno of carbonic acid 2 >roducod (=C). From 
thoHo data, wo may calciilato (the quantity of comhnstihlo gas being 
made =1(10 vol.), first, tlio hyilrogon =100 — 0; thou the mar.sh-giis 

—ami, lastly, tho carhonic, oxido, = C minus tho marsh-gas.— 

If llu) gasooiis niixturo analyzed also containH nitrogen, tho proportion 
of tho oxygon lo tlui nitrogen in the rosldno left after the action of the 
potasli imist first ho determined oudioinulrically, and tho quantity of 


252 methylene: primary nucleus cui®. 

nitrogen tl,us found deducted from the 

^ith the oxygen coneinued. For further cletade mcL , Tr 

Phil. % 215fnlso Sdao. 33, 234), and particularly, 

I33); also Rcgnault {Gows elemenimre de Ghimie. Pans, 2inc L, . 11 

'^Byleatlng acetic acid or acetone vrith excess of a fixed aM 

heat being kept below redness. (Persoz, Heme scientif. 1, 51, Dumas, 
Ann. Ohm. Phys. 73, 92.) For acetic acid; 

=■ C^C + C^lUi 

for acetone, in which case the water of the hydrate of potash takes part 
in the action: ' 

CIUO' + 2HO = + 2C-H‘. 


The carbonic acid produced remains in combination with the alkali. 

Alcohol-vapour passed through a nearly red-hot tube filled witii 
baryta, is resolved into carbonic acid, which unites with the baryta, ami a 
kind of marsh-gas—which has the same density as ordinary mar.sb-gafi, 
reeiuires the same quantity of oxygen to burn it, and produces the siiino 
quantity of carbonic acid by its combustion; but nevertheless exhibits n. 
totally different reaction with bromine (p. 256). (Pclouzo & Milloii, 
Ann. Pharm. 33, 185.) Tbe gas obtained by this process is not puro 
marsh-gas, but a mixture of that compound with olefiant gns and liydrogon, 
perhaps also with carbonic oxid. (Dumas & Stas, Compi. vend. 10, 2G0 j 
also A pr. C'A<171. 20, 314.) 

Whether the gas evolved during the solution of cast-iron in dilute 
sulphuric or hydrochloric acid is mai'sh-gas, as sometimes supiiosod, oi’ 
merely hydrogen charged with the vapour of an oily hydrocarbon, is a 
point not yet decided (comp. V., 216, 217). 


Preparation. A mixture of 2 pts. of crystallized acetate of soda, 
^ts. hydrate of potash, and 3 pts. lime, is heated in a retort. (Dumas.) 
The lime preserves the retort from corrosion by tho liydrato of potash. 
This method yields the purest gas.—Persoz passes tho vapour of acotoiio 
slowly through a U-shaped tube of glass or iron, in which hydrate of’ 
potash is heated to fusion; the' gas thus produced contains a small 
quantity of carbonic acid. 


X By stimn^ the mud of a stagnant pool; colloctinff tho gas, as ifc 
tohUsK Bp, in inverted bottles filled with water, and having fiiiiiiola 
insertedmto their mouths; and agitating it with milk of lime to roiiio'vo 
wbowacid and any sulphuretted hydrogen that may be present.—Tho 
mar^-^as thus obtained contains for 100 vol. of pure gas, 7 vol. iiitrogou, 
awitdiM to W. Henry, and 28 vol. nitrogen, according to Saiissuro. 
ioM Its vol. (100 marsh-gas -1- 28 nitrogen) exploded with excess of 
consume, not 200 but 224 vol. oxygen, and produce, not 100 but 
103^. mbomc acid gas, perhaps because the nitrogen belongs essentially 
U ^ponnd. (Th. Saussure, MAm. de. Genive, 8,184 ) 

3. The gasMus mixture obtained by the dry distillation of wood, 
Sb through a red-hot tube, is frooci 

‘•y Bme, then from olefiant 

excess of 

® lime.-Aftor this treatment 

«'^rbonio oxido. 

_ BlSchOif, 1^6 lftttr6r CSiQllot bd remOTOd bv hoatc^d nofnasinm 

.pp»„ „ b. 
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lioatina;.—W. Honry {Ann, Phil. 25, 428) waslios coal-gas wifclv clsloruio- 
water, and with potasli to roiUovo tho oxcesa of clilorino; then mixes it 
with 1,1. vol. oxygon, and passoa it into a retort containing spongy 
platinum heated to 177°, at which tomporatnro all tho hydrogen and 
earbonie oxide hum array, but nolio of tho marsh-gas. Ho then roinovos 
tho resulting carbonic acid by potash, and tho oxcesa of oxygen by mean.s 
ol a suitable reagent. Marsh-gas then remains, contaminated only with 
a Hiuall ([uautity of nitrogen. Iodine likowiao servos to purify coal-gas 
from all other kinds of carburottcJ hydrogon-ga.s, with some of which it 
forms liipiid, with others solid compoiiiulsj whereas, in marsh-gas, it 
remains uiialtored and presorvos its lustre. (Graham, Ohemie, 2,103.) 

2’roperUcs, Colourless gas. Refracting power (1., 05).—Density 
= 0'5570 (Thomson), O'fi (Dalton), 0-C —078 (W, TIciiry). Docs not 
support tho coinbuatiou of othor bodies. Higbly combnBtiblc. Neutral. 
According to eomo olrsorvors, it Inns a faint, miplcasant odour; but, ac¬ 
cording to Erdmongor & Krug v. Nhldn., also according to Biscliof and 
Graham, it is iimdorona. Tn.sfoloHS. Wiion inhaled, it is only negativedy 
dolotevious, liko hydrogen (II., 45). Minor,s who oftmi bveatlio an air 
containingof inarsh-ga-s, do not lo.so tlioir licaltli from it; when they 
broatlu) a mixturo still riclior in marMh-ga.s, they foul a slight pre.ssuve on 
tho forolioad, toinplos, and cyo.s; but this ollect soon goes oil’ when they 


get into the open 

air. (Biscliof.) 


Vol. 

Di'iisity, 

20 . 

12 .... 'ti 

(l-vnimur. 

. 2 ... 

. 0’a:)20 

411 . 

4 .... 2.5 

H-S'HS . 

. 4 ... 

0'2772 

C'-Il' . 

1(1 .... 100 

Miirsli.j-iiB ... 

. 2 ... 

1 

. M(l!)2 

O'SOIO 


Decmipoaitions. 1, When electric discharges are repeatedly passed 
through this gas (Dalton), or when tho polar idalinum wires of a voltaic 
battery are brought to u. state of ignition within it, or when it is several 
times passed tlirongh a red-hot tnlie, it is converted, with deposilion of 
oliai'ooal, into pure hydrogen gas, wliich oocuidos twice tlm original 
volmno. When (1200 oloctric sjmrks avo passed, in tho space of 30 hours, 
through iiorfoctly dry jiit-gaa frcml from carbonic acid, only ), of tbo 
marsh-gas is decomposed, lutliough tho gas censes to oxpaiul long hol'oro 
tho piis.sago of tho sparks is l.orminabnl. Tho cdiarcoal soiiaraled in ibis 
decomposition has a strong odour of turpenliuc. Tho oomploto ducom- 
position wliicli Dnlton obtained was porbiqis duo to tbo prosonco of mois- 
turo in bis giis. (Biscliof.) I’it-gus is also but iiiiiuirfcctly dccompo.sed 
by passing it ronoatcdly Ihrongli a wliito-liot porcolain Lulio. 'J’lio g:is 
cotisos to oxpaml nftor it has boon jhihhciI four tiiiicH tlirongh the tuiio, 
and after tho tontli jmssiigo, onl^ ol the marsh-gas is decomposod. Tho 
gas, when thus treated, acipiirus an ompyrminiatio odour. If, aftor 
passing tlirongh tho ignited tnho, it bo condnetod into a Liebig’s bulb- 
iipparatuH (illed with oil of vitriol, yellow drops coiidonso in tho tiiho of 
(,lio apjmriitUH, and How into the oil of vitriol. 'J'his licpiid gradually 
aei|uir(iH a dark brown colour and strong oinpyreuinatic odour, and 
boeoiuc.H covoreil in tlio first bulb with grooiiisli drojis, wliieli, on cooling, 
partly solidify in grooiiisli innssos. 'J'lio oil of vitriol, on being diluted 
with wator, yields an iiieoiiHidorahlo jiroclpitato, and is ooiivorted into a 
light brown, swuot-Hinelling liiinid. If the bulb contains alcohol iimtead 
of oil of vitriol, tho tnho of tho apjuuutus hoconies (illod with fumes, 
which ooiidoiiso in brownish yellow drops, and impart to the alcohol a 









continnally deepening wine-yellow colour, and an odour like that of 
turpentine; in tlie glass tube wbicb is connected by a stopper witU tlio 
porcelain tube, a white sublimate collects, coloured hy a brown liquid. 
The alcohol appears to absorb all these cmpyrcnmatic proilucts. it 
appears then that, in addition to charcoal and hydrogen, yarious cnipy- 
reumatic products are eliminated. The charcoal deposited in tho^ porce¬ 
lain tube is brownish yellow at the entrance of tbo tube, wliicli is com¬ 
paratively cool, but in the liotter part it is deposited in strongly lustfona 
graphitic lamin.TO, which roll up into tubes an inch long. Tbo graimito 
found in the fissures of Plutonic rocks has perhaps been forinod in a 
similar manner, by the passage of marsb-gas [or somo other bydrocarbonj 
while the rock was still in a state of ignition. 

2. The gas, when set on fire in the air, burns with a modorntclyr bingbt 
flame, yellow above and bluish below; 2 vol. inarsli-gas mixed witli 4 or 
more volumes of oxygen, and exploded in tbo detonating tubo by tlio 
electric spark, consume 4 vol. oxygen, and form 2 vol. carbonic ac.iif gas. 
(Dalton, W. Henry, H. Davy, Dumas.) The 2 vol. C-vapour with 2 vol. 
0-gas form 2 vol. CO^-gas; and the 4 vol. Id with 2 vol. 0 form wator, 
When 2 vol. marsh-gas are exploded with only 2 vol. oxygon, 2 vol. car- 
bonio oxide and 2 vol, hydrogen aro produced, without any ebango of 
volume. (Dalton.) In this case, 2 vol C-vapour with 1 vol. 0 form 2 vol, 
CO; and of the 4 vol. H, 2 volumes unite with 1 vol. 0, and form svator, 
the other 2 volumes remaining unaltered. According to Dalton, a Hmiill 
quantity of carbonic acid is occasionally producoil at tlio samo tiiiui. 
Since 1 vol. marsh-gas requires 2 vol. oxygen to burn it comploLoly, it 
likewise requires 9‘53 vol. of common air (21 ; 100=2 : 9’53). A iiii.x- 
ture of 1 vol. marsh-gas and 7 or 8 vol. air may be ignited oven by a HiuaU 
electric spark, and dotoimtcs more strongly than any other mixture) (if 
the same gas with air; hut not so strongly as ordinary detonating gan, 
As the proportions deviate from that of 1 :7, tbo explosion buconiOM 
. weaker, and requires a stronger electric spark to induce it; and vvlion tlio 
exoras of either gas reaches a certain limit, tho mixture is no lougoi* 
eipWve. A mixture of 1 vol. marsh-gas and 15 vol. air is not Hot on 
fire by the electric spark, but enlarges tbo flamo of a candle bold within 
^ vol. marsh-gas and 2 vol. air burns without iloiHO. 

^ a ! I?' moiisnro of air, 

^4 IS then accompanied with a yellow flame; when tlio quantity of air 
ft pale blue flame passes slowly through tbo mixture; with 20 
Wlnmes^of mr, the mixture wUl no longer take fire, (Tumor.) 1 vol. 

pit (P- 250) detonates violently with 7 vol. 
TOl idJ volumes; when mixed with G or with IT 

lapon. (BisehJf.) ^ t*>®4gh the tinder bo strongly blown 

dnS^^Md^S v™l TxTOen°lD 5 li°**”'*\^^^ a mixture of 1 vol. 
Wnw slow oombustiom when l.eatc^ it 

be added to the mixture the bowevor, dotoimtiiig gun 

brings to a vod'^hL, 

A baU of platinum iSoduL marsh-gas itsolf. (Diibo- 
- 'MdfromitolOvoLmaih ^ ?■ "“""turo of 1 vol. doto- 

t ToL marsb-gas, condenses only tbo dotouafclng 
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gas; It is oiily when the quantity of marsh-gas is reduced to loss tlia.n of 
the detonating gas that carbonic acid is produced; but on adding more 
oxygon to tlio uiixtiiro, carbonic acid is produced, if the quantity of 
detonating gas amount to more than four times that of the niarsli gas, 
(W. Ilonry.) In a mixturo of marsh-gas, carbonic oxide, and oxygon, 
platinum hoatod to 204“ indiicc.s only slow combustion of the 
carbonic oxido; and in a mixture of inarsh-gns, l) 3 ’'drogcn, carbonic oxido, 
and oxygon, spongy platinum boated to 249'^ induces slow combustiou 
only of tlio bydrogon and carbonic oxido. (W. TToury, Ann. Fliil. 25, 
418.) Oxidized sulphido of platinum (VI., 231) decomposes marsU -gas, 
with groat evolution of boat. (Doberoinor.) A mixture of inarsh-gas and 
oxygon is not altered by jiutrofying substances, which condouso dotomt'ting 
gas (II., 5). (Sauasuro.) 

3. A dry luixturc of 2 vol. nmrah-gas and 4 vol. chlorine roinains 
unaltered in tlio dark, hut dotonsitos hy iho electric spark, with .separa¬ 
tion of charcoal and formation of somcwliat more than 8 vol. hydrochloric 
acid gas. (H. Davy.) The .s.T,mo decomposition takes pluco in a few days 
if tho mixturo bo moroly exposed to light. (Gay-Liissac and Tlidnard.) 
The mixture, in whatever proportions it may bo made, does not oxhibit 
any iminodiatc reaction on exposure to light; but on mixing '2 vol. 
inar.sh-ga.s (prepared from acetate of {Hitasb) with (> vol. cldorinc, n. vio¬ 
lent oxiilosion, attended with destruction of tlui containing vessel, hooii 
takes placo, ovon in dill'u.sed daylight. (Dumiis.) — Ikpial vohmHi.s of 
’VVolle.swollor pit-gas and cldorinc exert no action upon each elhor, even 
ill Humsliino, hut a mixture of 2 vol. clilorlno with 1 vol. jiit-gas exposed 
to Hunsliino over water, detonatos very slightly, witli doposition of oliav- 
ooal. Soinotiinos tho oxplo.siou lakes placo inimodiatoly, BomotiniOH not 
ovon for sovoral minutos, vi/,., wliou tho cldorine-gna is eontaminatoil with 
aiv, Tlio oxplo.sion ia more quickly produced by passing tho mai'Bh-gas, 
whicli is tho lighter of tho two, into tho cldorinc, tlian the contrary way, 
hooaiiso In tlio fonuor caso, tho gasos mix iiioro readily.—Tho explosion 
succeeds best in a cylinder 1-J inch wide, 18 inohos higli, and lillod to tho 
height of 10 inohos with tlio mixturo. On exposing tlio vessel to siin- 
shino, the water surrounding tho bottom sinks at first; then whito fiiinoa 
aro jirodiicod, and charcoal is dojiositod. Tho charcoal has a sharp tasto 
liko that of nuistafd, and tlio cyliiulor smells of oil of olefiant gas.—If 
tho sun is but slightly obscured by a cloud, whito fumes aro prodiicoil and 
tho water rises, but no cliarcoul is dciiositod ; noitlior does any explosion 
tako jdaco, even if tho sun hcoomo clear again during tho oxpoviiiionl. 
When the whole of tho chlorino lum hocu absorbed hy tho water, tlio 
vossol being exposed to tlic sun, tlio coiitonts siiioll strongly of oil of 
turpontino. (Jiisohof.) 

If tho explosion lio provontod by mixing tho marsh-gas with an oqnal 
volume of onrbonio acid, chlorino addod in cxcoss gradually forms 
hydrochloric acid gas and an oily liqiiul consi.stiiig of a small quantity of 
chloroform, C^IICf', and a largo quantity of bichloride of caihon, 
(Dumas): 

enP + 8C1 "=. C'CP + -JUCl; 

tho chloroform must ho regarded ns a transition-product.—Molsons (Ann. 
Ohm. J'hys. 74, 110 ; Ann, rharm. 35, 353 ; also pr, Ohem. 21, 2(!(!) 
obtained the saiuo chloride of carbon, C*Cl'‘ (acconipaiiiod, liovvovor, w'lth 
a very smidl ipiantity of stollato crystabs), with light eiu'hurottoilhy(lro|;on 
oltiiinod from marshes,—a proof that this last-mouLioiiod gas is identical 
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■with that prepareJ from the acetates.—Marsh-gas is not altered hy pa.ss- 
ing througli heated cldoride of sulphur, peutachlorido of phosidiorus, or 
pontachloride of antimony. (Dumas.) 

In presence of moisturo, and in the light, hut not in tho dark, uiavsli- 
gas is slowly decomposed by chlorine, yielding hydrochloric acid and car¬ 
bonic acid or carbonic oxide. (W. Henry.)—When at least 8 vol. ohlormo 
are mi.xed. with 2 vol. marsli-gaa, 2 At. (or 2 vol.) carbonic acid and 8 At. 
(or 10 vol.) hydrochloric acid are produced : 

CUT* + 8C1 + 4HO = 2C03 + 8I1C1. 

With 6 vol. chlorine, the products are 2 At. (or 2 vol.) carbonic oxide 
and C At. (or 12 vol.) hydrocblorie acid : 

CUT* + OCl + 21-10 = 2C0 -r OTICl. 

Since this decomposition does not take place in the dark, a inixtiiro of 
marab-gas and olefiant gas may be froed from tho lattor by adding chlo¬ 
rine and placing the mixture in the dark ; the olefiant gas will tlion lio 
condonscil in the form of Dutch liquid, and the excess of chlorine may bo 
removed from tlia inai'ah-ga.a by potash. (W. Henry.)—When 2 volumes 
of Wollesweiler pit-gas are mixed with only 4 vol. chlorine, and tho mix¬ 
ture left over water for 5 hours in daylight, there remains, after ah,sorp¬ 
tion of carbonic acid by potash, 1 vol. of light oavburottcd hydrogen 
which burns with a whitish blue flame. (Bischof.) [Is thoro no carhoiiio 
oxide formed in this case?] 

Bromine exerts hut a very slow decomposing action in daylight on 
the oarburetted hydrogen of inai'shc.s, but acts somewhat dillbroiitly nu 
tho gas obtained from acetate of potash. The gas obtained from alcioliol 
by boated baryta (fourth mode of formation), is decomposed l>y bromino 
with tlie groaleat violence, yielding liydrohromio acid and tho .samo otlio- 
real liquid, C‘H‘,Br^ that is obtained by bringing ololiant gins in contact 
with bromine. There aro, therefore, three isonorio variotio.s of C'H' to 
• be distinguished. (Pelouze .and Mlllon, Aim. Pharm. 33, 18,L)—Hut, 
according to Dumas and Stas {Conipl. rend. 10, 200 j also J. pr. 0/inn. 
20, 316), the gas obtained from alcohol and baryta is a mixture of marsh- 
gas, olofiant gas, hydrogen, and probably olso carbonic oxido. 

A mixture of marsh-gas and nitric oxide is uot inllamod hy tho oloo- 
tric spark. 

4. Oil of vitriol does not absorb marsb-gas ] but anhydrous sut])luirio 
acid decomposes it, with formation of water and sulpluiroua acid and 
deposition of charcoal, (Aime, J.Pharm. 21, 80 ; also J. pr. Ghem. 0, 7.0.) 

Combinations. Water absorbs -j'y of its voliirao of marsh-gas. (Dalton.) 
—Certain organic liquids likewise absorb it in small quantity. 

Methylic Ether or Methyl-ether. CH-PO = CHP,HO. 

Discovered by Dumas and Pdligot {A 7 in. Ghim. Phjs. r>S 10) — 
Oxtde of Methyl, Wood-ether;—Hohiither, Methjlenalher, Methllnxml, 
(Borz.) j Oxyde de Methyls, Hydrate de Melhyldne. (Dumas n.nd Pcli- 
got.) [Nolaforme.] 

Formatwn. By boating wood-spirit, C^H^O', with oil of vitriol (Dmn. 

pnlvorized anhydrous borax (Eljolmon, N. Amt. 
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Preparation. 1 pt. of wood-spirit is lioatcd with 4 pts. oil of vitriol, 
and the resulting methyl-ether gas placed in contact with caustic potash 
for several hours to free it from carbonic and sulphurous acid.—Soiuo- 
tirnes the gas is contaminated with vapour of sulphate of methyl, which 
gives it a garlic odour. (Dumas, Peligot.)—Kane (Ann. Pharm. 10, 166) 
passes the gas evolved, by heating equal measures of wood-spirit and oil 
of vitriol, through milk of lime, and then into water freed from air by 
boiliug, which absorbs the gas abundantly. From this solution he 
evolves it in a state of purity by gentle heating, and dries it by passing 
it through a tube contaiuiug chloride of calcium. 

Properliee. Colourless gas, which does not liquefy at —15°. Sp.gr. 
1‘617. Neutral towards vegetable colours. Of ethereal odour. 


Accoiding to Dumas & Peligot. 



2C . 

. 12 

52-18 




3H . 

. 3 

13-04 




10 . 

. 8 

34-78 




cnDO. 

. 23 

100-00 




Vol. 

Density. 

O 1 -: 

Vol. 

Density, 

C-vnpour. 

... 2 

0-8320 

Cn-P.gas . 

. 2 .. 

.. 0-9706 

ll-gas . 

... 3 .... 

0-2079 

Vapour of water... 

. 1 .. 

.. 0-6239 

O-gas . 

i .... 0-5546 



Methyl-ether gas . 

... 1 .... 

1-5945 

Metliyl-ethei- gns... 

. 1 .. 

... 1-5945 


C^H^HO (Th. 1) = Cn-IO,hP (Th. 2) = CW,0 [= j 0.— 

(Williamson; Gerhardt; Chancel.)] According to the radical-theory, it 
is supposed to contain the radical Methyl = C’H®. — It is polymeric with 
alcohol, C*H“0^, and has the same vapour-density as the latter. 

I)ecom 2 iosUions. Methjrl-ethcr gas, when set on fire in the air, burns 
with a flame like that of alcohol. (It is blue, and gives scarcely any 
light. Kane.) —1 volume of the gas consumes in the detonating tube 
3 vol. oxygen, and forms 2 vol. carbonic acid gas (Dumas & Pfeligot) ; 
2 vol. oxygen gas convert the 2 vol. carbon-vapour into 2 vol. carbonic 
acid; 1 vol. oxygen gas, together with the 55 vol. already contained in the 
ether, converts the 3 vol. hydrogen into water. 

2. Motliyl-etbcr gas mixed perfectly dry with chlorine first forms 
white fumes of hydrochloric acid, and, after a few minutes, oxiflodes and 
bursts the apparatus. (Malaguti, Ann. Chim. Phys. 70, 379.) If the 
explosion bo prevented by causing the two gases to conio together in a 
large globe from two tubes at some distance from each other, they form 
hydrochloric acid, and condense into a liquid, C^H^CIO, which, by the 
further action of chlorine, is first converted into C'HCPO, and afterwards, 
in sunshine, into C®CFO. (Regnault, Ann. Chim. Phys. 71, 396.) — 
Methyl-ether gas is not perceptibly altered by passing through chloro- 
sulphuric acid, SCIO’. (Regnault.) 

3. Methyl-ether gas, passed through heated potash-lime, yields free 
hydrogen and formiate of potash, which, by a stronger heat, is converted 
into carbonate (Dumas & Stas, Ann. Chim. Phys. 73, 157): 

C^IDO H- KO -I- 2110 = C^HICO' + H-*. 

Combinations. Water at 18° absorbs 37 volumes of methyl-other 
gas, thereby acquiring an ethereal odour and peppery taste. (Duni. Pol.). 
The water acquires a pleasant aromatic taste and smell, and gives off 

VOL, VII. s 
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the gas ■when gently heated. (Kane.)—Oil of vitriol ahsorhs the gas moio 
abundantly than water, and gives it offpartially on being diluted with water. 

Wood-spirit and alcohol likewise absorb the gas much more abundantly 
than water. (Dumas & Peligot.) 


Wood-spirit, Methylic Alcohol, or Methyl-alcohol. 

C"-H‘0" = CTP,I-PO-. 

Colin. Ann. Ohim. Pliys. 12, 206.—DomsKEiNEit, Sohiv. 32, 487.— 

Macaire & Marcet, Juu. Bill. univ. 24, 126j also Sclnv. 40, 348. 

— Reiohendacii. ScIlw. 69, 241, 

Liedig. Ann. Phemn. 10, 315. 

Ddmas & Peligot. Ann. Ohim. Pliys. 58, 5; also Ann. Pharm. lo, 1J 

also J. pr. Chem. 3, 369. — Ann. Ohim. Pliys. Cl, 193; also ft. 

Chen. 8, 58. 

Kane. Phil. May. J. 10, 45 and 110; also Atm. Pharm. 19, 104. 
Weidmann & Sceweizer. Pogg. 43, 593.— J. pr. Chetn. 23, 3. 
Kuiilmann. Ann. Pharm. 33, 208. 

Syn. Pyroxylic Spirit, Wood-naphtha, Hydrated Oxide of Afelhyl; 
— Hohgeht, hrentdicher Hohgeist, Irenzlicker Ilohessiggeist, Plethyloxyd- 
Hydrat;—Esprit de hois, Esprit pyroxyliqtie, Bihydrate de Methylene 
(Dum. & Pel.) Hydrate dioxide de mithyle. [Neleforme.] 

Taylor (TiUoch's Phil. Mag. 60, 315) in 1812, first observed in 
Wood-vinegar, the watery liquid obtained in the dry distillation of wood, 
an alcoholic liquid which ho regarded as the other of wood-vinegar j 
Colin, in 1819, declared this liquid to be acetone; Doboreinor, in 1821, 
pronounced it to be alcohol. Macaire & Marcet, who howovor oxaniinod 
a specimen contaminated with a large quantity of empyroumatio oil, 
declared it to be a compound sui generis; Roichonbach took it for a 
mixture of alcohol and acetone. Ultiinatoly it was discovered that wood- 
vinegar contains at least three peculiar spirituous liquids, viz., Uood- 
spirit, \-v\nd\ was first accurately characterized and subjected to a detailed 
investigation by Dumas & Peligot in 1835;— Lignone, oxaminod by Gin., 
Liebig, and Woldmaira & Schweizer;—and Acetone, a compound pre¬ 
viously known. 

Ki According to Dumas & Peligot, the proportion of methylic alcohol in 
wood-vinegar amounts to about 1 per cent.; but the quantity varies, many 
samples of wood-vinegar consisting principally of methylic alcohol, otliora 
chiefly of lignone.—Wood-spirit is evolved m especial abundanco when 
substances consisting of woody fibre are mixed with an equal weight of 
hydrate of potash and a smaller quantity of water, and gradually boated 
to the boiling-point of mercury. (Pfeligot, Ann. Ohim. Phys. 73, 218.) 

Preparation. In the dry distillation of wood there is obtained a tarry 
matter called Wood-tar, and a watery liquid called Wood-vinegar or Pyro- 
ligneous acid. This liquid is a mixture of water, acetic acid, acotato of 
ammonia, wood-spirit, lignone, acetone, acetate of methyl (Roiohonhaoh’s 
Mesite), aldehyde, the compound called Mesite byWoidniann & Schweizer, 
empyreumatio oils, pyroxanthino, and small quantities of other substanoos. 
By distilling about 10 or 15 per cent, from this wood-vinegar, wo obtain 
crude Wood-spirit, which consists chiefly of the more volatile matters, viz,, 
.acetic acid, ammonia, methylic alcohol,acetate of methyl, lignono, aootono! 
aldehyde, mesite, pyroxantLipe, and volatile empyreumatio oils. 
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1. Tlio wood-vlnGgar poured off from tlic tar is distilled till lias 
passed over; this -r'-Q is repeatedly rectified over slaked lime, the watery 
portion being each time left behind; and the rectified product is mixed 
with sulphuric acid, to precipitate tar and fix the ammonia which has 
boon sot free. The resulting liq^uid is then again repeatedly distilled over 
slaked lime, till it mixes with water without turbidity, no longer turns 
brown in the air, or exerts any action on vcgetablo colours, or gives a 
black precipitate with morcuroua nitrate. It is then freed from the still 
remaining water by a second distillation with an equal quantity of 
pounded quicklime, a small quantity of mercury being added to pi'Cvont jier- 
cussivo obullition. All those distillations must be performed in the water- 
bath. (Dumas & Ptligot.)—^^Vood-spirit cannot ho dehydrated by chloride 
of calcium, because that substance retains it with great force (Dum. Pol.) 

2, The orapyrouniatic oils aro not coinplotoly removed by theso 
distillatlous over limo, nor even by distillation over potash or sulpliuric 
acid. Hence the crude wood-spirit must bo saturated with chloride of 
calcium and distilled in the water-bath as long as any excess of mothyl- 
aloohol pa-sses over with the cmpyroumatic oil, lignoiio, acetone, &c. 
The rosiduo mixed with water and again heated in the watoi’-hath, gives 
off methyl-alcohol porfootly free from oil, and tho Jistillato may bo 
dohydr.atod by two distillations over quicklimo. (Kano.) 

Crude wood-spirit contains water, niothyl-alcoliol, acetate of methyl, 
llgnono, and tho mosito of Woidmauu & Schwoizor. In tho first distil¬ 
lations with limo, methyl-alcohol is likewise separated from tho acetate 
of methyl, When tho distillate has tliiis boon freed from ompyronmatic 
oil, it may still contain, in addition to tho mothyl-alcohcl,—lignoiio, 
Woidimum & Schwoizor’s incsito, together with a small quantity of 
ompyronmatic oil (Dumasin). It is thoreforo saturated with oliloriifo of 
calcium, and tho solution distilled in tho wator-hath without further 
addition of chlorklo of calcium (which would also retain liguouo). By 
this treatment tho lignonc and tho mosito aro mado to pass over, togctlior 
with a small quantity of mothyl-alcoliol; but a certain portion of 
omjiyroumatio oil romains bobind with tho compound of chloride of 
oalouim and wood-spirit. Hence, on mixing this rosiduo with water and 
distilling, puro methyl-alcohol passes over at first, requiring merely to bo 
dehydrated with quicklimo; but tho subsequent portions of tho distilhito 
bocomo continually richer in ompyroumatic oil. (Woidmauu & Schwoizor, 
J. pr, Ghem. 23, 4. Comp. Vblckol, Foffff. 83, 272, 577; Ghe7n. Oaz. 
1852, 101.) 

Froperties, Tvauspai'ont, colouvlcs.s, mobile liquid. Sp. gr. 0'798 at 20° 
(Dum. ]?ol.); 0‘793S at 25° (Kopp, Ann. Fharm. 55, 105); 0'8179G at 0° 
(Kopp, T'ocjg. 72, 1; Jahresber. 1847-8, 65); 0'8207 at 0° (Piorro, N. Ann. 

Chim. Fhys. 15, 325; Jah'csbei\ 1847-8, 61)_Boils, under a pressure of 

()'7G1 mot. at 0G'5° (Dum. Pel.); under a pressure of 0'744 mot. at 60° 
(Kano); under a pressure of 0-7521 met. in contact with platinum wire, at 
66°, with rocontly ignited charcoal bound round with platinum wire, at 05-.5° 
(Kopp); uiulor a pressure of 0-759 met. at 66 3’ (Pierre); at 66-5° (Persoz). 

.—Wood-spirit exhibits percussive ebullition, both when distilled alone and 
with limo, oven in tho water-bath (Dum. Pel.); with platimim wire it boils 
pi-otty quietly (Kopp); with mercury it boils quietly (Dum. Pol., Mitsohor- 
lioh).—Vapour-density, 1-120 (Dum. Pel.); 1-1210 (Kano).—Has a pecu¬ 
liar aromatic odour, resembling that of alcohol and.acetic ether. (Dum, Pel.) 



260 METHYLENE: PRIMARY NUCLEUS C=H^, 


2C 

4H 

20 


cnuo’. 


12 . 
4 . 

16 . 

... 37-50 
... 12-50 

... 50-00 

Damns & 
Peligot. 

.... 37-7 ... 

.... 12-4 ... 

.... 49-9 ... 

Kane. 

. 37-f.O 
. 12-39 

. 49-95 

Weidmann 
& Scliweizer. 
.... 37-40 .... 

.... 12-80 .... 

.... 49-74 .... 

Kopp. 

37-48 

12-GC 

49-80 

32 . 

... 100-00 

.... 100-0 ... 

. 100-00 

.... 100-00 .... 

100-00 


C-vapour 

H-gaa. 

0-gas. 


Vol, 

2 

4 

1 


Density. Or: 

0-8320 

0-2772 MetLylene-gas,.„ 
1-1093 Aqueous vapour 


Methyl-alcohol vapour .... 2 .... 2-2185 
1 .... 1-1092 


C2H2,H202 {Th. 1) = C=H0,H20 {Th. 2) = -e HO (Rad.) 
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Decompositions. In the circuit of the voltaic battery, anhyilrons 
-wofld-spii-it gives off no gas at the positive, hut pni-e hydrogen at the 
negative pole; if it be then evaporated with addition of a Jittlo water, it 
deposits a small quantity of white matter, diffuses a peculiar odour, anti 
finally loaves a yellowish-white resinous mass. Hence, the so-callotl 
anliydrous woocl-spirifc coufcains water of hydration, the liydrogoii or wiucli 
is set free, while its oxygen remains behind and converts part of tho 
wood-spirit into resin.—If the wood-spirit contains liydrato oi potash in 
solution, the evolution of gas is much quicker, and is produced ovon by 
batteries of a few pairs, which exert no action on pure wood-spirit, lliis 
influence is perceptible even when the quantity of potash-hydrato amounts 
to only part; and the increased evolution of hydrogen thci-oby 

produced far exceeds that which could he derived merely from tho hydra¬ 
tion-water in the hydrate of potash. The quantity of hydrogen oi'ol-vod 
from wood-spirit containing pt. of potash-hydrato, is to that which 
is evolved in a voltameter containing acidulated water, and placed in tho 
same circuit, as 10 : 12.—When tho electric current is made to act for a 
quarter of an hour upon wood-spirit containing of potash-hydrato— 
in which time 1 cubic inch of hydrogen is evolved—the liquid is found to 
contain white flakes—exhibits, after evaporation with water, a sharp, 
aromatic taste, and leaves a small brown residue.—With larger quantities 
of potash-hydrate, carbonate of potash is likewise formed; a small 
quantity of gas is also evolved at the positive polo, being probably 
derived from the hydration-water of the potash. The liquid acquires a 
sharp taste, becomes turbid on the addition of wator, and assumes a 
yellow colour, probably from separation of an oily or othoroal substanoo. 
(A. Connell, Trans. Roy. Soc.Edinh. vol. 4, 1837, March.) 

2. Wood-spirit set on fire in the air burns with a flame like that of 
alcohol. (Dumas & Pdligot.) The flame is pale blue, somewhat reddened 
at the apex, and gives loss light than an alcohol-flame. (Gm.)—A small 
quantity of boraclo acid is sufficient to colour the flame quite green, 
whereas the flame of alcohol to which a comparatively large quantity of 
tho same acid has been added, merely acquires a green border, (libelmon, 
N. Ann. Chim. Phys. 16, 138.)—Wood-spirit, dropped on platinum- 
black, takes fire and burns, producing carDonio acid and wator. (Dum. 
Pel.) Platinum-black prepared from platinate of soda by the action of 
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formic acid, sets fire to wooJ-spirit jmincdiatclyj platiniiin-black olitainoJ 
from tlio zinc-alloy sots fire to vapour of wood-spirit mixed with air. 
(Dohercincrj Schw. 60, 289 j Poyg. 37, 548.)—Wood-spirit roinauis 
unaltered in vessels containing air; Imt when placed, together witli 
platinum-black, under a receiver not exhausted of air, it is slowly con¬ 
verted, with evolution of heat, into formic acid (Dum. Pel.) : 

= CnisO' + 2110. 

Spongy platinum moistened with wood-spirit does not act upon the .air; 
hut if moistened at the same time with strong caustic pot.ash, it often 
hocomos heated to redness, and converts tho wood-spirit, first into formic 
acid, and afterwards into water and carbonic acid. (Dbbereiuor, Ann. 
jPharm. 53, 145.) 

3. When dry chlorine gas is passed through wood-spirit, every bubble 
produces flamo and detonation, with separation of charcoal and formation 
of hydrochloric .acid. If any bubbles p.ass through without producing 
inflammation, and mix with the v.apour of wood-spirit above tho liquid, a 
still more violent explosion is produced. (Kano.)—Wood-spirit shaken 
into a bottle filled with dry chlorine gas gives out sc.arccly any heat, and 
acts but slowly oven in sunshine. Also when woo J-spirit is distiilod in tlio 
shade and in a stream of chlorine gas, decomposition takes place so slowly 
that tho distillation in chlorine must bo frequently repe.atcd before tbo 
formation of bydrocbloric acid ceases. In tbis reaction, there are pro¬ 
duced, in addition to hydrochloric acid, two chlorinated liquids of very dif- 
foront volatility; tho loss volatile of tho two forms a crystalline compound 
with ammonia. (Dum. Pol.) 

When dry chlorine gas is passed through n flask containing wood- 
spirit, and oarofidly protected from light (in order to avoid explosion as 
much as possiblo), then tlirongh a glass conclonsing-tubo with a receiver 
attached to it,—the wood-spirit bcin^ gently hoatocl as soon as tho most 
violcut action is over, in order to drive out tho hydrochlorio acid whiclx 
forms in largo quantity,—two liquids are ultimately found in tho flask, 
tho upper one being mobile and strongly acid, and tho lower, viscid, of 
the specific gravity of oil of vitriol, of high boiling point, but distilling 
easily with water, and having a sharp, biting tasto. It contains 21’85 C, 
1'36 H, 66'41 Cl aud 10'38 0; honco its formula is probably C"hPCPO®. 
When decomposed with alkalis, it yields an acid which exerts a reducing 
action, and is therefore, perhaps, formic acid, together with a now chlo- 
riiio-compouiul which has a lower boiling point, and rosombles chloroform, 
but has a diflorout odour. (Kano.) 

In winter aud in tho shade, dry chlorine gas passed through anhy¬ 
drous wood-spirit, docs not produce fiery explosion, notwithstanding the 
great evolution of heat which aocompanics tho action; hut in sunshine, 
combustion and explosion <ai’o produced. If tho liquid bo afterwards 
warmed and tlioronghly saturated with chlorine, two strata aro formed; 
tho upper of these is strong aqueous hydroohlorio acid, and tho lower, 
which is oily and amounts to -J- of tho wood-spirit used, is mothylio 
chloral l^vid. inf.). —If, however, tho wood-spirit contains water oven in 
small proportion, the action of the chlorine is much more violent; and if 
tho liquid, after perfect saturation with chlorine, bo heated towards the 
ond of tho process, it does not separate into two strata; but on tho addition 
of water, a small quantity of an oily liquid separates, which, however, 
is not mothylio chloral, but xylitic chloral {q. v.) composed of: 29'19 O, 
3'00 H, 6779 Cl, 9'93 0=C“hPCl‘0>. Tho methylio chloral obtained 
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with anhydrous wood^spirit [which, however, by no means corrospoiuls 
to the chloral of alcohol], forms, after washing with water and drying 
with chloride of calcium, a pale yellow oil, much heavier than water, 
having a pungent odour which excites tears, and a bitmg taste, lliis 
oilcontalnU-We C, 271 H, 69-44 Cl, and 13-C9 0 ; hence its formula is 
C'^H''C1''0®. It may he distilled without decomposition, the lirst portions 
of liouid which pass over being colourless, and the latter jiortions some¬ 
what yellowish, but very little altered in composition. It is_ not decom¬ 
posed by carbonate of potash; but caustic potash converts it into chloiido 
of potassium, formiate of potash, acetate of potash, aud sesquiclilorulo of 
formyl, 2(C^H)CP, according to the following equation: 

3C'=I13CPO® + 9KO + 8HO = 9KC1 + 2C-ffO' + GC‘H-‘0^ + 2C'IUCN. 


(Weidmann & Schweizer, J.pr, Ghem. 23, 12.) Considering tho diseio- 
pancy between Kane’s analysis and that by Weidmann & bcliwoizcr, 
the improbability that chlorine should convert a compound containing 
only 2 At. C into another containing 12 At. C, and that acetic acid con¬ 
taining 4C should be produced from wood-spirit containing 2C besides 
the exti-emely complicated numerical relations in the decomposition of tho 
oompound by potash, aud tho improbable formula of the so-called sosqui- 
cliloride of formyl,—it is certainly desirable that the decomposition-pro¬ 
duct of wood-spirit by chlorine should be prepared in a state of purity 
and further examineef. 

H Bouia finds that when dry chlorine is passed through [iniro?] 
wood-spirit in diffused daylight, the liquid becomes heated, acquires a 
transient rose-colour, and gives off hydrochloric acid, a combustiblo gas 
which burns witli a greeu flame, and afterwards carbonic aoidj ami if tlio 
passage of tho chloriue be stopped as soon as an oily liquid collects at 
the bottom of tho vessel, and tho liquid then left to itself for a few hours, 
a large quantity of funnel-shaped crystals are formed in it, having tho 
composition C'“H“CPO^ They arc insoluble in water, easily solnblo in 
alcohol and ether, permanent in the air, and volatile; they molt at 50", 
forming a liquid which begins to boil at 75°, but is then docomposod, with 
constant rise of boiling point. Bonis designates those crystals by the 
name of chloromnitate of methylene-, and supposes tho compound to bo 
formed from melhylal, C®H®0‘, as follows: 

2CniS0* + 8C1 = C^H'OCPO* -h 2CO’ + GHCl. 


The mcthylal may either have been fomed from tho wood-spirit by tho 
action of chlorine; thus: 

SC^U-IO^ -s 2Cl = ensQ' + 2HC1 + 2110 

or, considering the great difficulty of purifying wood-spirit, it may havo 
been already present in that liquid.—If the action of tho chloriiio on tho 
wood-spirit be further continued, the crystals already formed disappear, 
and the whole liquid becomes oily. The ultimate product is an oily 
liquid which, when washed and dried, has the composition OTPCTO'-*. 
When this oily liquid (whoso vapour irritates tho oyos strongly aud 
attacks the skin) is exposed, without washing, to the air, it solidifies in 
white crystals, Laving a mothor-of-peavl lustro, and easily soluble in 
water, alcohol, and other. The aqueous solutiou is not precipitated by 
nitrate of silver, and yields the compound in largo regular crystals, whicli 
have but a faiut odour. They melt at 35°, and tho liquid begins to' 
Uoil at 75 , but undergoes decomposition attended with rise of boiling 
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point. Tho composition of these crystals corresponds to the forumla, 
C“H“C.l‘0“-|-81-10. Alkalis act strongly upon them. In vacuo, thoy give 
off water and offlore.sce. Distilled with anhydrous jjhosphoric acid, tliey 
yield a colourless volatilo liquid, C“H*CPO“, which, when exposed to tho 
air, absorbs water, and is converted into crystals. The compounds, 
C'‘H'‘CPO^, and CI-I'Cl'O*, may be regarded as acetone, in whicli part of 
tho hydrogen is replaced by chlorine. (A. Ann. Oliim. Fhys. 21, lllj 
abstr. JahresUr. L. & K. 1847-8, 670.) t 

By distilling wood-spirit with oxide of mangancso and hydrochloric 
acid a yellowish distillate is obtained, which, after being washed with 
water, is colourless, not inflammable, has an unpleasant odour and sour 
tasto; lluile chloromethylique. (Aiinc, ylnw. Cldm. Fhys. 64, 211)j also 
J. pr. Ohem, 12, 188.) 

A solution of 16 pts. of good chloride of lime, decanted from tho 
insoluble portion and distilled with 1 part of wood-spirit, yields chloro¬ 
form (Dum. Pel): 

cnr'02 + 4 C 1 = cnicp + 2110 + iici. 

4. Aqueous wood-spirit mixed with potash and then with iodine or 
bromino till the liquid begins to show turbidity, and thou gently evapo¬ 
rated, yields iodoform or broinoform. (Lofort, Conipl. rend. 23, 229.) 

5. Strong nitric acid acts violently on wood-spirit wbon heated, 
evolving va|)onrs of hyponitric acid, formic acid, and sometimes also of 
nitric other. (Dum. Pol.)—Witli tho weaker commercial acid, wood-s])irit 
may bo distilled without doconipositioiij it is only towards the end of tho 
distillation that small quantities of tho throe jiroducts above-mentioned 
are given off. (Dum. Pol.)—A mixture of equal volumes of wood-spirit 
n.nd concentrated nitric acid, heated in a test-tube placed in tho water- 
bath, exhibits some degree of intumescence, and wlion half tho liquid has 
distilled off, leaves a yellowish liquid free from oxalic acid. (Gm.)—A 
mixture of wood-spirit, nitric acid and iodine, set aside for some time, 
deposits yellow cry.stals; if bromino bo substituted for iodine, a heavy 
oil is produced. (Aim6, A«n. Chim, Fhys. 64, 219; also Ann. Fhann. 
23, 260.) 

6. When wood-spirit is heated in a retort with nitrate of silver and 
nitric acid, as in preparing fulminating silver with alcohol, only a feeble 
action takes place. At first a tolerably largo quantity of nitric ether 
passes over, and on boiling the liquid, a white, pulverulent precipitate of 
oxalate of silver is deposited, which becomes more considerable the lougor 
tho mixture is maintained in a state of ebullition, and wood-sqarit and 
fuming nitric acid added to it. (Dum. Pol.)—When wood-.spirit is mixed 
with acid mercuric nitrate, a precipitate is immediately formed, consisting 
of a yollowish white, resinous mass, which rapidly increases ou boiling 
tho liquid for a short time, and consists of a mixture of 2 At. mercuric 
formiato with 1 At. mercurous nitrite; but by continued boiling with 
strong nitric acid, it is converted into white, pulverulent mercuric oxalate. 
(Dum. Pel.)—Tho yollowish white, resinous precipitate contains 75’30 
mercury, 4'80 C, 0'44 H, 2'7 N, and 16'76 0, and corresponds nearly to 
tho formula Hg'C‘IPN0'»=:2C“HHg0*-|-Hg'>0,lS!0». (Dum. Pel.) [Tho 
formula docs not agree sufficiently well with tho analysis.] 

7. Wood-spirit mixes with oil of vitriol, producing great evolution of 
heat, sullioicnt to convert a largo portion of tho wood-spirit into suliflio- 
mothylio acid, which crystallizes by spontaneous evaporation. (Dum, 
Pel.) 
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A Biixtare of I pt. wood-apirit and 4 pts. oil of vitriol turns brown 
and l.latkin* when distilled, not swelling up so much, however, as a 
Pisiikr mixtnre maile with alcohol; and from the beginning to tlio end ol 
tbo .wii.tfi, tdvoa off methyl-ether gas, accompanied by carbonic and 
ralr.linriiii., acid, as well as by the alliaceous vapours oi_ sulpuate ot 
irfthvi.—If the mixture contains 8 or 10 jiarts of oil of vitriol to 1 pt. 
f,f wv-xl pirit, the distillato consists chiefly of sulpiliate of methyl. 

IVI ) - , . . 1 .1 r 

The higher the temperature of the mixture of wood-spint and oil Ot 
vitrioi ri»i, the smaller is the quantity of nietliylic ether, and tlio larger 
the quantity of sulphate of methyl which passes over; the latter is also 
feund ia the residue. (Weidmann & Schweizer.) 

A mixture of equal parts of wood-spirit and oil of vitriol yields wlion 
heat'd, first wood-spirit, then sulphurous [acid, a light oil (= niothol = 
duBtai-inh acetic acid, and sometimes also sulphate of methyl. A luixturo 
of 1 pt. wivod-spirit and 4 pts. oil of vitriol is very dark hrown-colourod 
air! vivid; when distilled, it swells up strongly, and does not give off a 
light oil, but two strata of liquid, the u]iper of which is watery, and 
cejitaiaa snlphttrons acid, acetic acid, Bulphomcthylic acid and acetate of 
father with a very small quantity of wood-spirit,—and tlio 
lower, an oily mixture of sulphurous acid, sulphate of methyl and acotato 
ol methyl.—With 10 parts of oil of vitriol the same products are 
obaineJ, excepting that the proportion of sulphate of metliyl is mucli 
attd that of acetate of methyl much smaller.—In all those distil- 
ktioas a earhoBaeeous matter remains in the retort. (Weidmann & 
Schweizer, fogy. 43, 593.) 

On beating a mixture of 1 pt. wood-spirit and 8 or 10 pts. oil of 
vitrui, tii! it tpogins to solidify by carbonization, and no longer gives off 
any Ci.sabii.tilde gas --washing the residue repeatedly with water—boiling 
51 with liiliite aiumotiia, and then with water, till the water no longer 
op sulphuric acid,—there remains a carbonaceous mass which, after 
drymg, 67-14 U, 1-73 H, 29-73 0, and 1-40 S. (Erdmann & 

bekwriter, J. pr. Chem. 21, 302.) 

Afthydroai phihuric acid dissolves, with evolution of beat, in aiihy- 
f!T b forming a red-brown solution. If this solution contains 

uu.t pte, off altered wood-spmt, but if more stroiiirlv heated 
»®lwak*ieqaaBtttyoCmcthyl!oether; at 160° a certain portion of oil 
Wfum® ( 0 r&t; asd at 185^ the mirfnro D«r«ii porcion ot ou 

aaad hydrocarbons. ^ ^ 

*- Twe parti et -srood-spirit mixed in a retort wtti. o --1 c 

»a*»«se. wd seeded mixture of 3 nts oil nf -f • i^ ^^^i' 

«i Wl i» the water.lmth. tm gas Cius t “ ' ® 

y»'M » distillate eoBsisting of formal wood^irU 

fWtty of ligwsne. If the mi^re’bo H and a small 

^|*»««;w4.s|Mrit absorbs gaseous metbylio ether.— 

» Ae air, begina to^il at 80“ ®°^.*^oro^ forming a liquid 
W*t4 iws^fc ef h»jR», then at 130“ a mm’ first wood-spirit 

tesfifc feowB, which eondenses at 0“ tn “fi ™ethyl-et]ier with 
^ P»« ot melhyUthM whon’T'^i^j“■ 

• ^ ia given off. and Wtwoen JtF anrS,' 


an 
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acid oil passes over, toMtlier with a yellowish white jolly [formed from 
tlio silica of the retort] from which water or potash separates a, largo 
quantity of gaseous methyl-other. (Kuhlmann, Pogg. 33, 213.) 

. ^^ood-spirit absorbs but a small quantity of gaseous fluoride of 
silicium, and if subsequently distilled, gives off, first a portion of tbo 
absorbed fluoride of silicium, then wood-spirit mixed with fluoride of 
silicium, and lastly, at 100°, an oily hydrocarbon. (Kubhuann.) 

11. In phoiSgeno gas, wood-spirit is decomposed with great rise of 
tomporaturo, yielding hydrochloric acid and formic chlormethyl-ether 
(Dumas & Peligot): 

Cni'O^ + 2COC1 = HCl + C'Il''C10-<. 

12. Wood-spirit treated with chlorosulphuiic acid, SCIO^, yields, with 
groat rise of temperature, a mixture containing a large quantity of 
hydrochloric acid and sulphomothylic acid. (Rognault.) 

13. M^ood-splrit mixed with chloride of silicium becomes very turbid, 
and yields, when distilled, a hhack, stinking liquid. (Ebolmen, N. Ann. 
Gkim. Plugs. 16, l.'iY.) 

14. Pentachlnridc of antimony, sosquiehlorido of iron, and bichloride of 
tin, heated with anhydrous wood-spirit, convert it into cblorido of methyl, 
C'lPCl; and if they act only in small quantity, likewise give rise to the 
evolution of methylic other, or an ethereal liquid which boils at G0°; at 
the same time, an oily hydrocarbon passes over, and a resinous or coaly 
residue is loft behind. 

PcnlacMovide of Antimony inixo.s with anhydrous wood-spirit, produc¬ 
ing groat heat and intuino.sccnco, and becoming coloured, oven if cooled 
by a frigorifio mixturo. Tbo mixture begins to boil at ItP, giving off, 
first wood-spirit, then botwoon 100® and 100“ hydrochloric acid, together 
with O^tPClj afterwards pontachloridc of antimony mixes with these two 
products, and water separates from this distillate a kind of mothylio 
other which condonaes at 0° (difforent, therefore, from that which is formed 
by the action of oil of vitriol). At 170®, powder of algaroth is deposited ; 
at 200", the only products which jiass over arc hydrochlorio acid and a 
hydrocarbon. 

C4 pts. (2 At.) of wood-spirit dissolve 160 pts. (1 At.) of Sesr/ui- 
cMoride of Iron, causing rise of temperature, and forming a thick, gluti¬ 
nous liquid. This liquid begins to boil at 80°, and up to that tomporaturo 
gives ofi' chloride of methyl, without any wood-s])irit. The mass, which 
becomes continually thicker, gives off, botwoon ICO® and 110®, an addi¬ 
tional quantity of chloride of mothyl, together with a littlo hydrochloric 
acid ; then, between 120“ nml 130®, a small quantity of colourless distil¬ 
late, from which water separates a light othorcal fluid burning with a 
white fiamo •, and potash liberates ga.scous chloride of methyl. At 140° 
a small quantity of cblorido of methyl goes off, together with a largo 
quantity of hydrochloric acid. Botwoon 1 42® and 150®, no more ethereal 
products pass over, but merely an acid liquid, from which water separates 
a trace of oil. The residue in the retort is a stcol-groy mixturo of char¬ 
coal and pure protochloridc of iron.—With 128 pts. (4 At.) wood-si>irit 
to 100 pts. (1 At.) sosquiehlorido of iron, tho solution begins to boil at 
80®, first giving off wood-sp)irit, and at 120°, likowiso cblorido of methyl. 
Water separates from this distillate a small quantity of a light other, 
similar to tho above, and potash evolves from it gaseous chloride of 
mothyl. Botwoon 130® and 140", gaseous cblorido of methyl passes off; 
between 140° and 1.52®, tho same gas mi.xcd with hydrochloric acid; 
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between 150’and 170°, tbe latter becomes continually more prej^oiiJerantj 
and between 170’ and 200°, uolbing but hydrochloric acid juid water 
I>ass over. The residue is similar to the preceding.—With a lai-go excess 
of sewuichloride of iron, the mixture begins to boil at 50°, giving ofl‘ 
(7H*C1 and hydrochloric acid; above 169°, only the latter passes 
over; the light ether above mentioned is not produced at all. (Kulil- 
niann.) 

A mixture of 64 pts. (2 At.) wood-spirit and more than ISO pts, 
(1 At.) Bichloride of Tin begins to boil at 110°; give.s ofl’ C“H“C1 toge¬ 
ther with hydrochloric acid at 120°, and at 130° yields a distillate con.si.st- 
ing of G*H*C1 and SnCP, which crystallizes in rhombic tables. Finally, a 
large fjuantity of hydrochloric acid passes over together with an oily sub¬ 
stance.—A mixture of 64 pts. (2 At.) wood-spirit and 130 pts. (1 At.) 
bichloride of tin begins to boil at 90°; boils strongly at 100 , giving off 
gaseous CPH^Cl, not condensable at 0°; gives off, between 120° and 130°, 
a somewhat colourless distillate, without hydrochloric acid, which, up to 
135°. increases to 12 measures per cent, of the original mixture, and from 
which water takes up bichloride of tin, and separates the same light 
other—amounting to half the distillate—as with sesquichloride of iron. 
Thk ether boils at 60°, and burns with a white flame, greenish at tho 
edges (probably from admixture of C®H®C1). At 140°, tlio residuo 
becomes thick and gives ofl' hydrochloric .acid ; between 150° and 100°, 
gaseous CPHHll is obtained, together with hydrochloric acid ami a dis¬ 
tillate from which potash separates methylic other ; and at 175°, a distil¬ 
late containing C®H*C1 together with SnCl*. There remains a brown 
inroefiod mass, from which water extracts SnCl“, leaving bolund a pitchy 
substance.—When 128 pts, (4 At.) of wood-spirit arc mixed with 130 
pta. (1 At.) of bichloride of rin, the mixture begins to boil at 80°, first 
giving off half the wood-spirit, and afterwards behaving as in tho jn'oeod- 
ing experiment, (Kuhlniann.) 

15. Wood-spirit heated in a retort with pulverized potasli-limo (a 
mixture of limo and hydrate of potash), gives off a large qiian tity of 
hydrogen (together with a very small quantity of oarbonio oxido or 
marsh-gas), leaving a largo quantity of formiate of potash : 

C?H<02 + HO.KO = C='HKO'< + 4H. 


H hydrate of potash be used without lime, pure hydrogen is given off, 
to the mixture contains a considerable quantity of oxalate of potash as 
W formiato [probably 

S m Stas, Ann. ChL. Phyl. 

^ a 121 f dJso .^7191. Phdvvn, 35, 137 % Orlso J, 'dt Ohf^n 91 9’7'^ \ _^'I»n 

£“ “ ° Tf ” “teufbS to 

to (Unm. Pel.)-^trong potash-ley quickly decomposes wood-anirit 

which, by long exuosuL tn H obtained in rhombic 

totote. (KnhLnnf 33 ZT® «to alkaline 

made by LSwig (Fonff 41 4041 »i,A ’ The statement formerly 

•SK m- 4h 404), tliat wood-spint treated with potassium 
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(looa not glvo off hydrogen, proceeds, according to 'WolJinann and 
Scliwcizcr, from his haying made the experiment with lignonc instead of 
wood-spirit.—According to Williamaon, tho compounds formed by the 
action of potas.siuin and sodium on wood-spirit are C'^tPKO^ and C^H^NaO® 
(comp. p. 17). 

Oomhinalions, Wood-spirit mixes in all proportions with Water, 


Per-centage of Anhydrous wood-spirit, sp. gr. 0’813G, at 15°. 
According to Ure {Phil. Mag. J. 19, 511); 


Density. 

Per cent. 

Densjity. 

Per cent. 

Density. 

Per cent. 

DensitJ^ 

Percent. 

0-81,30 , 

100-00 

0-8074 . 

.. 82-00 

0-9008 

... 69-44 

0-9344 

.... 53-70 

0-8210 . 

98-11 

0-8712 . 

... 80-04 

0-9032 

... 08-00 

0-938G 

.... 51-54 

0-8250 . 

.. 9(>-ll 

0-8742 

... 79-30 

0-90C0 

... 07-57 

0-9414 

.... 50-00 

0-8320 , 

.. 94-34 

0-8784 

... 78-13 

0-9070 

... 00-00 

0'9448 

.... 47-02 

0-8384 . 

.. 92-22 

0-8822 

... 77-00 

0-9116 

... 65-00 

0-9484 

.... 46-00 

0-8418 . 

.. 90-90 

0-8842 

... 75-70 

0-9154 

... 63-30 

0-9518 

.... 43-48 

0-8470 , 

.. 88-30 

0-8370 

... 74-03 

0-9184 

... 01-73 

0’9540 

.... 41-60 

0-8514 , 

.. 87-72 

0-8918 

... 73-53 

0-9218 

... 00-24 

0-9304 

.... 40-00 

0-8504 , 

80-20 

0-8930 

... 72-46 

0-9242 

... 58-82 

0-9584 

.... 38-40 

0-8090 . 

., 84-75 

0-8950 

... 71-43 

0-92CC 

... 57-73 

0-9000 

.... 37-11 

0-8042 , 

.. 83-33 

0-8984 

... 70-42 

0-9290 

... 50-18 

0-9020 

.... 35-71 


Wood-spirit dissolve.^ a small quantity of Pkoaphonis, forming a 
solution which does not alter when kept from the air. (Zeiso, J. ]»'. Ghem. 
20, 84.) 

It dissolves tho Hydrates of Potash and Boda in largo cpiantities. 

Anhydrous wood-3])irit mixed with anhydrous Artryiabecoinos strongly 
licatod and dissolves it abuudautly. Tho solution, if evaporated in vacuo 
after filtration, loaves a crystalline compound containing tho two sub¬ 
stances in otjual nnmhers of atoms. The crystals trhon heated, first give 
olF, witliout apparent alteration, a liquid rosomhling wood-spirit; then 
fuse ; give off an oil; and leave a black mixture of charcoal and carbo¬ 
nate of baryta, (Dumas & Peligot.) The compound gives off a gas 
which smells like methylic other and burns with a pale blue flame,—> 
soinotlmes also a small quantity of ompyrcumatic oil. (Kuhlmaim.)— 
When warm wood-spirit is saturated with dry baryta, tho solution yields, 
on cooling, noodles which turn brown in tho air. (Dum. Pel.)—Wood- 
S[)irit nearly saturated with baryta and then diluted with an equal bulk 
of ivatcr, deposits a portion of tho baryta in crystalline lamlmo. (Payon, 
Ann. Chim. Phys. Gr>, 244.) 

Cnjstallizcil in vacito. Dumas & Puligot. 

BuO. 7(Vf) . ro-r>;i . 70-5 

. :P2-() . . 29'5 

BaO,Cni'0‘- . 108-6 100-00 . 100-0 

Wood-spirit dissolves Chloride of Galeium in largo quantity, forming 
with it a crystalline compound, (l)nin. Pol.)—Tho act of solution is 
accompanied by a rise of tcniporatiiro -which brings tho wood-spirit to tho 
boiling p)oiut. As tho saturated solution [which is syrupy! cools, tho 
compound crystallizes in long, shining, six-sidod tables. Wuou boated 
alone, it does not give off wood-spirit till tho tomporaturo rises much 
above 100°; and a still higher tomporaturo is required to drive olF all tho 
wood-sidrit, and leave tho chloride of calcium i)uro; but if diluted with 
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CaCl. 

. 

Crystallized. 

55-4 

64-0 

46-49 

53-00 

CaCl,2Cm-*03. 

119-4 

. 100-00 


Kane. 

4C-7 

53-» 


100-0 


2 At. (C4 pts.) of wood-spirit mixed with 1 At. (130 pts.) oi Bichlonde 
of Tin produce great evolution of heat; hence it is necessary to cool tho 
liquid with a fn|orific mixture. If only 1 AL wood-spint be added, part 
of the stannic chloride remains nncombined. The ganiet-colouiod mixtuio 
solidifies on cooling, in a mass of colourless crysta.ls.—'l ho solution of 
Sesqiiichloride of Iron in wood-spirit crystallizes with difhculty. (Kulil- 
mann, Ann. Pharm. 33, 107.) 


Wood-spirit exhibits towards s.alts a solvent power similar to that of 
alcohol. The sulphates it precipitates from their aqueous solution, 
(Dum. Pel.) 


Wood-spirit dissolves Tartaric Acid.—It mixes with Alcohol, Ether, 
Oils both fixed and volatile, and dissolves many Resins. 


Formic Acid. C^I-PO^ 


MARoauAP. Chymische SchrifUen, 1761, 1, 340. 

ApzEtins AiiviDsoN & Peter Oeurn. jDiss. de acido fonniccirwn, Ups. 
1777; also Baldinger's N. Magaz.fur Aerzle 2, 102; also Leonhardi 
Uebers. v. J/aeguer's Wdrterb. 1, 180. 

Hermdstadt. Crell, Ann. 1784, 2, 200. 

Lowitz. Orel/, Ann. 1793, 1, 221. 

Biciiter. W. Oeyenst. 6, 135. 

PouRCRoy & Vauquelin. Ann. du Mus. d'llist, Nat. 1, 333j also 
A. Geld. 2, 42; also Gill. 15, 470. 

Suersen. A. Geld. 4, 3. 

Gteblen. Bchv). 4, 1. 

Reezelitjs. Ann. Ohim. Phys. 4, 100. 

Gobeu. Sclm. 32, 345.—A. Tr. 5, 2, 3; 6, 1, 176, and 10, 1, 34,— 
Schw. 65, 155, and 67, 74. 

DiiREREiNER. Sclwi, 32, 344, and 63, 366. — Oilh. 71, 107 J 72, 200.— 
Mag. Pham. 14, 10. — Ann. Pharm. 3,141; 14,186, and 53, 145.— 
J. pr. Ghem. 1, 76, and 371. 

Libbio. Ann. Pharm. 17, 69. 

Ameuensmire, Formylsdure, Adde formique. 

The acid nature of ants has long bcon known. Samuel Fischer first 
distilled these insects; Marggraf, Arvidson & Ochrn, Hermhstiidt, and 
Richter, examined the acid more minutely. Pourcroy & Vauquolin pro¬ 
nounced it to be a mixture of acetic and malic acid, a statoniont which 
was afterwards completely refuted by Suersen and by Gehlen. Berzelius, 
Gobel, D6hereiner, Liebig, and Pefouzo, examined the most important 
relations of this acid. 

Sources. In ants, especially in Pomica rufa, but not in tho eggs.— 
IT According to Fr. Will {Front's Noiizen, 7, 141; Jakresber. L. K. 
1847-8, 546), the active deleterious principle in caterpillars, especially 
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in Bomhyx processionett) likewise consists of forraio acid. It occurs in the 
free concentrated state in all parts of the caterpillarj but especially in the 
fsoces, in the yellowish green juice which exudes on making an incision 
into the insect, and, lastly, in the hollow, very brittle hairs. T—In com- 
inoroial oil of turpentine,—whence it may be extracted by agitation with 
water. (Wiggers, Ann. Fharm. 34, 23.5.) It is doubtless formed by 
oxidation in the air; it imparts an acid reaction to the oil, and passes over 
as an aqueous acid when the oil is distilled with water. (Weppen, Ann, 
Fharm. 41, 294.) When oil of turpentine is kept in leaden vessels, 
crystals of foriniate of lead are sometimes produced. (Laurent, Eev, 
Scientif, 10, 126; also J.pr. Ohem. 27, 316.)—Fr. Muller [Arch. Fharm. 
[2,] 51, 149) states, though not positively, that formic acid is sometimes 
produced in a similar manner from oil of lemons.—In the needles of Finns 
Abies, somewhat more abundantly in those which fall off, than in those 
which arc dried while fresh and green. (Aschofl’, W. Br. Arch. 40, 274.) 
In pine-needles, which had been used for litter, and had stood for several 
months made up into a heap and exposed to the air, the acid was formed 
so abundantly, that on opening the heap, a very sour smell of ants was 
omitted; hence it is probable that the acid in ants may be derived from 
the putrefying needles of various kinds of pine, inasmuch as these insects 
almost always make their ne.sts therein. (Bedteubachor, Jnw. Fharm. 47, 
148.)—In the mineral water of Prinzhofen, near Straubing. (Pettenkofer, 
Kastn, Arch. 7,104.)—The juice of Semper vivum tecloriim, when distilled, 
yields an acid which reduces the noble metals like formic acid, but forms 
with mercurous nitrate a white precipitate, from which the metal is not 
reduced till the mixture is heated. (Dbboroiner, Schw. 63, 368.) 

IT According to Gorup-lJosancz {Ann. FImrm. 69, 369), the fruit of the 
soap-tree {Sapindm saponaria) distilled with water and sulphuric acid 
yields a distillate containing formic and butyric acid. Tamarinds 
similarly treated yield formic and acetic acids, and emit an odour of 
butyric acid. Gorup-Besauez considers it not improbable that these acids 
may be formed by oxidation from the tartaric acid originally contained in 
the fruits.—Formic acid is also found in tho juice of the stinging 
nettle. (Gorup-Bosanez, Ann. Fharm. 72, 267.) Also in the juice of flesh 
of man and other mammalia, together with acetic acid and other acids of 
the series (CH)-Oh {Schever, Ann Fharm. 70, 340.) H 

Formation. In the oxidation of wood-spirit by tho air in presence of 
platinum, or by nitric acid. (Dumas & Pcligot.)—2. By heating wood- 
spirit with a mixture of lime and hydrate of potash. (Dumas & Stas.)— 
3. In tho decomposition of chloroform, bromoform, or iodoform, by 
potash..—4. In tho decomposition of hydroi^anic acid hy potash, or by 
tho stronger mineral acids. (Pelouzc, Ann. Chim. Fhys. 48, 395; Geiger, 
Ann. Fharm. 1, 44.)—5. In tho decomposition of oxalic acid by heat. 
(Gay-Lussac, Ann. Ghim. Fhys. 46, 218.)—6. By the combustion of alcohol 
or other in tho lamp without flame. (A. Conuoll, Fhil. Mag. J . 11 , 512.— 
7. In tho preparation of iodoform from alcohol, iodine, and potassium. 
(Boucliardat.)—8. By the action of tho air on an alcoholic solution of 
potash. (A. Connell, W. Ed. Fhil. J. 14, 231; also Schw. 68, 15.)— 
9. By heating alcohol with nitric acid. (Gaultier do Claubry, J. Fharm. 
25, 764; Dalpiaz, W. J. Fharm. 5, 239.)--10. In the dcconiposition of 
chloral or hronial by aqueous potash. (Liobig.)—11. By boiling chlor- 
acotio acid with excess of potash. (Dumas.)—12. By heating gelatine 
with aqueous chromic acid. (Schliopor, Ann, Fharm. 59, 1.)—13. By 
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exposing oil of turpentine to llie air, or lieating it witli acjneous cliromio 
acid. (Weppon, Ann. Fharm, 41, 294.)—14. By distilling aqueous 
tartaric acid witli peroxide of manganese. (Diibercinor, Gilb. 71, 107.) — 
15. By distilling the following substances with peroxide of mauganoso 
and dilute sulphuric acid; Tartaric acid and cane-sugar (D'oboroincr, Gilb. 
71, 107; Ann. Fhaim. 3, 144); starch (W’dhler, Fo 0 . 15, 307); imicic 
acid, milk-sugar, starch, woody fibre, althwa-root, fibrin (C. G. Gniolin, 
Fogg, 16, 55); alcohol (C. G. Gmelin, Connell, N. Ed. Fhil. J. 14, 240; 
Gra. Fogg. 28, 508); suberic acid (Brandos, N. Br. Arch. 21, 319); grapo- 
sngar, which likewise yields formic acid wlien treated with sulphuric acid 
and chroraic acid or ferric oxide (Hiinel'eld, J. pr. Qhem. 7, 44);— 
IT Albumen, fibrin, casein, and gelatin, which likewise yield formic acid 
with bichromate of jiofash and sulphuric acid; in both cases the fonnio 
acid is accompanied by other acids of the series (CH'')0* and a variety 
of other products. (Guckelbcrgor, Ann, Fharm. 64, 39; abstr. .Tahvesber. 
L. & K. 1847-8, 847-854.) IT — 'When some of these compounds—starch, 
for example—are thus treated, there is given off, togollior with tho 
formic acid, a strong-smelling volatile oil (furfurol), which, if the distillato 
be saturated with a fixed alkali, imparts a yellow colour to the liquid, 
but passes off or is decomposed when tho solution is ovaporsitod. In this 
impure distillate, and in another obtained from starch, oxido of mangancso, 
and hydrochloric acid, Tiinncrmann [N. Tr. 1C, 1, 02; Kastn. Arch. 20, 
198; Fogg. 15, 307) thought that he had discovered two poonliar acids, to 
which ho gave the^ names of Fyrogenic and Amylanic acids,—Whou 
alcohol is treated with sulphuric acid and oxido of manganese, no oil like 
furfurol passes over, but a largo quantity of acotic acid.—16. Sagav, 
starch, gum, woody fibre, cereal grains, and other organio snbstancos, 
yield muoli more formic acid when distilled with oil of vitriol, or a 
mixture of that sidjstanco with an equal hulk of water; than whoii treated 
with sulphuric acid and peroxide of inanganose; for tho lattor converts a 
considerablo quantity of the formic acid into cai’bonic acid and water. 
Before carbonization, a volatile oil passes over; hut as soon as carbmrlza- 
tion takes place, the distillate consists of colourless formio acid. BhoS' 
phorio acid, bichloride of tin, and other water-forming substances, act 
like sulphuric acid. (Emmet, ,3111. Amer. J. 32, 140; also J. pr. Chem. 
12, 120d—Those statements have boon found correct by Erdmann 
(A jrr. Ohem. 12, 124), and Stenbouse (Phil. Mag. J. 18, 122; also Ann. 

85, 301). 17. When linseed-oil is heated with oil of vitriol, a 
Mge quantity of formic acid passes over, together with sulphurous acid. 

Ann Pftam. 51, 214.)—t 18 Sugar, starch, cotton, &o., treated 
^th ohlondo of hme containing free lime, yield formlato of lime; if no 
ee ime be present, carbonic acid is produced instead of formic acid : on 
a solution of su^r tho action is very violent. Clilorido of limo cou- 
^mng free hme forms with a solution of gelatine, forniiato of limo and 
Mmoma. (Bastick, Fharm. J. Frans. 7, 467; N J Fharm 14 20 • 

hvdrnZ teing likewise formed and sulphuretted 

to drfLEnn f "’“y asafoitida, when subjoctod 

add ^20 nil nr^ a Bumll q^uantity of acotio 

Sd7o™i?Ll^ treated with nitric acid 

5i; SoJrir J. pr. Ohem. 

4rcS^28^1gG\ ahtolJdilute sulphuric acid, Ed, Simon (W. Br.- 
ATdu 28 , lgG> ohtamed a distiflato which reduced silver-salts lika formic 
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acldj but yielded crystals with oxide of lead different from those of formiate 
of lead.—In the weathering of brown coa! containing iron pyrites, a 
strong odour of formic acid is often evolved. (Anthen. liepert. 88, 105.) 
—When 4 At. of iron-filings are distilled with 1^ At. tartario acid 
(C®I-I“0”®), the water in the receiver acquires an odour of ants, and the 
property of reducing metallic oxides. (Artus, J. pr. Chem. 12, 251.) 
According to Gbbol (Ah Tr. 10, 1, 34), formic acid is produced in the 
dry distillation of argal, [Not satisfactorily proved.] 

Preparation. 1. In the hydrated state. — a, From Ants. —Eed aiits 
previously mashed, or their expressed juices are distilled j the dis¬ 
tillate saturated with potash, soda, oxide of lead or oxide of copper j 
the solution evaporated, whereupon the volatile oil of ants passes 
off together with the water; and tho residue, or the formiate purified 
by recrystallization, distilled with dilute sulphuric acid. — a. Marg- 
graf distils the ants with water, till half the liquid has passed over, and 
then distils oft' the stronger acid from the liquid obtained by pressing the 
residue.— fl. Arvidsou washes the ants in a bag with cold water; exhausts 
them repeatedly with boiling water; presses the residue, and distils the 
liquids thus obtained.— 7. Hernibstadt distils tho juico expressed from 
living ants without addition of water.—Richter, and likcw’isc Slicrsen, 
distil the ants with 2 or 3 times their bulk of water, till the distillate 
begins to exhibit an ompyrouraatie odour; the residue in the retort, 
which still contains formic [acid, Suerson saturates with carbonate of 
potash; ho then filters; precipitates impurities by adding a .small quantity 
of formiate of load; filters; evaporates; and distils with sulphuric acid. 
—G. Berzelius distils the mashed ants with water, whereupon a portion 
of the acid passes over; ho moreover presses the residue ; digests J of 
the juico, consisting chiefly of malic and formic acid, with oxide of load, 
and tho other ^ with carbonate of lime; he then precipitates the malic 
acid iu the latter solution by means of the former solution, which con¬ 
tains lead; after which, he filters, evaporates, and distils with sulphu¬ 
ric acid.—f. Gchleu neutralizes the ant-juice with carbonate of potash, 
which he adds in slight excess; precipitates animal matters by ferric 
sulphate added also in slight excess; filters; precipitates the excess of 
iron-salt with carbonate of potash; evaporates the liquid to tho consis¬ 
tence of syrup; and distils with sulphuric acid.—»/. Gbbel eatur’ates the 
expressed juice with potash, after freeing it from oil; evaporates; and 
distils the black-brown residue with ^ oil of vitriol and J water. 

The very dilute acid obtained by either of those methods is saturated 
with carbonate of pota.sh (Richter, Siiorsen), soda (I.owitz, Gchleu), or 
oxide of copper (Gehlen); and the dried residue—or,_ when oxide ot 
copper is used, the crystals purified by repeated crystallization—distilled 
with oil of vitriol (Richter, Gehlen), or with a mixture of 1 pt. oil of 
vitriol and -J- water (Siierscn), or with pulverized bisulphato of potash 
(Lowitz).—If tho quantity of water present be too small, a lar,go propor¬ 
tion of the formic acid is decomposed; hence strong oil of vitriol caunot 
bo used for tho distillation.—Any sulphurous acid that may be present is 
removed by continued digestion with minium; also hydrochloric acid 
(proceeding from the carbonate of potash) by minium, or better by oxido 
of silver. (Gcibel.) 

6 . From Tartaric acid. —10 parts of tartaric acid are mixed with 14 

S arts of oxide of manganese, and from 30 to 45 parts of water, and, 
istilled in a capacious retort. (Dbhereiner.) 
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c. Ftom Siic/(tr or StarcJi with Peroxide of Manganese and Sulphuric 
acid.—a. A solution of 1 pt. sugar in 2 pts. water is heated to CO® with 
or 3 pts. of finely pounded manganese in a copper still, which, as tlio 
liquid is very apt to froth up, must liavo at least 15 times tlio bulk of tho 
mixture; a third part of a mixture of 3 pts. oil of vitriol and 3 pts. wator 
is then gradually added, whereupon carbonic acid gas loaded witli vapour 
of fomiie acid immediately escapes with violence. The head and condens¬ 
ing tube must now bo quickly put on, and when the violent action has 
subsided, the other two-thirds of the dilute sulphuric acid added, tho 
mixture being stirred all the while; after rvhich the liquid is gradually 
distilled almost to dryness. The distillate, which is transj)aront and 
colourless, and still contains volatile oil (furfurol), is saturated with chalk 
(the distillate from 100 pts. of sugar saturates from 31 to 38 parts of 
chalk); and the filtrate evaporated to the ciystallizing point;—or if it bo 
desired to obtain the acid, the distillate is saturated with carbonate of 
soda, evaporated, and 7 parts of the dry residue distilled with a inixturo 
of 70 pts. oil of vitriol and 4 pts. water. (Duberciner, Ann. Pharm. 3, 
144.)—This process is a very good one; but tho formic acid which it 
yields is slightly contaminated with acetic acid. To remove this impurity, 
the distillate should be saturated, while yet warm, not with carbonate of 
soda, but with carbonate of lead, and the solution evaporated to tho 
crystallizing point; the more soluble acetate of lead remains principally 
in the motlier-liquor; and the formiate of lead thus obtained must bo 
distilled with a mixture of equal parts of oil of vitriol and wator. 

1 part of starch is mixed with 4 pts. of iinol;^ pounded manganoso 
and 4 parts of water in a copper still; 4 parte of oil of vitriol added by 
sniall^ portions, and with constant stirring; the vessel heated by a straw 
fire till the contents begin to froth up; the head and condonsing tube 
then put on; and the distillation continued till 4-^ parts of tho liquid havo 
passed over. This liquid has a density of 1’025 at 10“, and Kuturatos 
10 -fl per cent, of dry carbonate of soda. If the distillation is pcvl'ormod 
in a retort instead of a still, it is necessary, in order to prevent frothing 
over, to take only 3 7 parts of manganese, 3 water and 3 oil of vitriol to 
1 part of starch; the retort must have 10 times the bulk of tho mixture. 
The product thus obtained amounts to 3'35 parts of a distillate of sp. gr. 
T042, which neutralizes 15 per cent, of dry carbonate of soda. Tho 
dirtillate obtained either from the retort or from the still is clouded by a 
white substance; and if the distillation has been carried too far, tho 
li^md also contains sulphurous acid. It must thoroforo bo nentralizod 
wim cMbonate^ of liine; milk of lime added in excess to convert tho 
sohd acid sulphite of lime into the neutral insoluble sulphite; tho filtrate 
evaporated to dryness; and 10 parts of the resulting formiate of limo 
distilled, either with 8 pts. oil of vitriol and 4 water—whereby 0 pts. of 
formic acid are obtained, having a density of 1 - 075 ,—or witli 8 pte. oil 
of vitnol and H water, by which a highly concentrated acid is obtained. 

«an be prepared in this manner is obtained by 
Sll 1 ^ foTm\a.to of lead with 6 pts. oil of 

F-iir^f distillate has 

(!<«« r PS ^ method recommoiidod by 

-f’ «tareh with 2000 

or SO * mixture in a still having a capacity of 25 

on oftibidl with 9 water; then a mixture of 2 kilograiniues of 

well; and distil, 

dmg water in pioportaon as the liquid passes over: from 12 to 15 
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litres of a strongly acid liquid may'be thus obtained over, containing 
about 412 grainiucs of formic acid (C^H^O*). ^ 

d. From Sugar, Starch, or Woody Fibre, with Sidphuric Acid .—One 
measure of oil of vitriol, 1 measuro of water, and 1 measure of rye, 
wlioat, oats, or coarsely bruised maize, are heated together in a glass 
retort till the liquid bolls; one measure of water is added as soon as the 
mass becomes thoroughly black; the liquid distilled till one measuro of 
distillate has passed over; anotlier measure of water added to the residue; 
and the distillation repeated with a fresh receiver. The first distillate 
consists of strong formic acid, generally free from sulphurous acid; the 
second is very dilute and often contains sulphurous acid; this impurity 
may bo removed by agitating tlie cold liquid for a short time with 
peroxide of load.—The organic matter used in this process, being of a 
granular nature, docs not swell up so much; hence the vessels used need 
not be so large as those required in the preceding processes. (Emmet, Sill. 
Amer. J. 32, 143.)—Carbonization takes place before boiling, so that 
there is no occasion to wait till the liquid boils. Tho addition of water 
causes the hot mass to froth over; hence it is uccosaary to lot tho mixture 
cool hoforo adding fresh water. In all oases, frothing and boiling over are 
very likely to bo produced by a slight ri.so of temporature; hence the 
retort should hold at least live times as much as tho volume of tho 
mixture. Tho distillate is free from acetic acid, hut contains furfurol, 
whieh may bo removed by other. (Erdmann, F. pr. Chon. 12, 124.)—- 
Stenhouso {Phil. Mag. J. 18, 122) proceeds in tho same manner as 
Emmet, for tho preparation of furfurol and formic acid, excepting that ho 
\isos whoat-llour, saw-dust, or chad', instead of grain, 

0 . From Oxalic Acid .—An intimate mixture of oxalic acid and very 
fine quartz-sand is distilled in a glass retort, and tho distillate freed from 
oxalic acid by frequent rectification. This process yields very pure 
formic acid in a highly concentrated state. (Qorhardt, W. Ann. C/iini. 
Phys. 7, 130.) 

2 . In the anhydrous state .—Pulverized formiato of load dried by heat 
is introduced into a long glass tube, from 4 to 6 linos in width, one end 
of which is drawn out into a narrow neck, turned downwards and inserted 
into a small receiver; sulphuretted hydrogen dried by chloride of calcium 
is passed into tho tube at the other end, till tho load-salt is complotoly 
dooomposed; a gentle heat applied to drive tho formic acid into tho 
receiver; and the acid repeatedly boiled to free it from sulphurottod 
hydrogen. If the tube be too strongly heated, tho acid bocomes con¬ 
taminated with decomposition-products containing sulphur. (Liebig.)— 
Bineau {Gompt. rend. 19, 7C9) passes dry carbonic acid gas through tho 
distillate to drive oiY tho sulphuretted hydrogen, and rootiliea it, rejecting 
tho first portion, which still smells of sulphurottod hydrogen. 

Properties. Tho anhydrous acid solidifies at —1° in shining lamiiioD, 
which molt at 4-1°. At ordinary toinporaturos it forms a thin, trans¬ 
parent and colourless liquid, of sp. gr. 1'2353, which boils at 08’5“ (bar. 
27 in. 10 lines). (Liebig.)—According to Kopp {Jahresher. 1847-8, 
G8), tho sp. gr. is 1-2227, at 0°, and tho boiling point 105-3 (bar. 
700 mm.); according to Persoz {Jahresher. 1847-8, 91), tho acid boils at 
100°.—The vapour density between tho temperatures of 111° and 118°, 
varies from 2-12.') to 214. (Bineau, Gompt. rend. 19, 7G9; also Pogg. 
6 ,'), 424; Gompt. rend. 23, 416; comp. p. 55 of this volume.)—Tho 
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aci.1 fumes .lightly in tl.e air lias a pungent sour 
r ,rr...;v.% ti.at a single drop placed upon a soft pin t ot tUo sRiii 
|,r..(yr,, int..!enii.le pain, causing the part to swell and turn whito, 
.Irawirig the skin together and producing a paintnl ulcei. 
i i^!. hI The dilute acid has a peculiar pungent and sour smell, ana a 
f.arr!y acid taste. 

.-ordj’i^ M Ikneliua. Pensity. 

1 jp’ 12 26'09 C-vaponr. 2 .... 0‘8320 

i }| 2 4*35 H-gas . 2 .... 0*138t> 

SI. 32 - 69*56 O-gas . 2 ... 2*2180 

r jj o 46 . 100*00 Formic acid vapour... 2 .... 3*1802 

1 ... 1*S!).J0 

Ti.t' radical-theory regards this anhydrous formic acid, C’l-PO'*, as 
nf Formic add, HO,C*HO’, and accordingly assumes the exist- 
of a hyfuithdicaUy athj/drout Formic acid =:;C"HO®—F or Fo, which 
fciaiti is regarded as a compound of the hypothetical radical Formyl, C®fT, 
With 30, ? Aeeoriling to the mode of expression acIoj>ted by Gorhai’dt 
msi WiliiARiJiBn, the compound which is here called anhydrous formic 

CHO] 

acid will be denoted by the formula |0 (cquiv. p. 28), which ropro- 

h s» •water, in ■which 1 At. hydrogen is replaced by the radical CHO; 
aisd the hjpitlK'tically anhydrous acid or formic anhydride hy the formula, 

JO—OIFO®, or water in which both atoms of hydrogen are replaced 

hr CHO. A« Gerbardt has succeeded in preparing the anhydrides of 
and .'icftic acid, there is hut little doubt that this compound ■iviU 

iik.'wl-e \a' obtained. 

iFr-mjxiikiom. 1. The vapour of the boiling anhydrous acid may 
^ «« on gre in the air, and burns with a dull blue flame. (.Liebig.) — 
F»*t,ai5i^yack ref>eatedly moistened in the air with aqueous formic acid, 
«3«rs slow comhuition of the acid, accompanied by evolution of heat 
»d » hiaesBg muse, the products of the combustion being carbonic acid 
m4 water. If the platmnm-biack has been previously charged with 
^ expomre to the air, it will oxidize small quantities of the acid, 
SP<®gy platinum, slightly moistened in the 
not tDore than 3 At. Tvaterj becomes almost 
“'1 carbonic acid. (Doberciner, Mao. 
^ S PAam. 14, 10; 17, 67, and 53, 

76.)—GAfonne decomposes the acid and its salts 


. 17, 297): 

C^H’O' + 2a =. 200= + 2HC1. 


mAmie aeid and iAdma nj*” U’Uid at a boiling lieat, 

»tewyamtera tMfty iQto an,,, ,(^^uu^ser, Ann. Pharm. 17 , 258 .) 
k * ef so teiMtea inL.oonripletely converts formic 

•-rf %Wi^ and carbonic acid; btit a 

** 'i®«>'«Position, even at a boiling 





salts, coiivortiiig it into water and carbonic oxide, with strong efl’cr- 
vesccnco, but ^Yitbout blackening (Dbbeveiner); 

cni=0< = 2110 + 2C0. 

6. rormic acid reduces the oxides of the noble metals, yielding water 
nnd carbonic acid. It reduces mercuric oxide with strong ofTervescenco 
when heated. From mercurous or mercuric nitrate it throws down 
metallic mercury at a boiling heat; boilod vvith a solution of mercuric 
chloride, it throws down calomel. (Gobol, Dbberoiner.) Mercuric oxide 
boilod with a concentrated mixture of formic and acetic acid, dissolves 
with offorvesoonco, as mercurous acotato, whioh crystallir.os on cooling; 
whereas the same oxide boilod in pure acetic acid forms a solution of 
mercuric acetate. (Connell, N. Edhi. Phil, J. 14, 236; also Schw. G8,15.) 
Mercuric oxide is not dooomjroscd when boated witli an aq[uoous solution 
of chloride of calcium and formiato of soda; but on heating it with 
chloride of calcium and free formic acid, decomposition ensues. Between 
the medium temperature and 80°, calomel is thrown down in shining 
scales, accompanied by brisk evolution of carbonic acid and production 
of fonniato of potash ((the decomposition being quicker as the tomjio- 
raturo is higher); but if the liquid bo kept constantly boiling, motallic, 
mercury is thrown down. A hot aqueous solution of corrosive sublimate 
mixed with formiato of potash or soda, and kept for two or three hour.s 
at a temperature between 70° and 80°, deposits all the mercury in tlio 
form of calomel; but if kept constantly at a boiling heat, it yields the 
mercury in the metallic state. (Bonadorfl’, Pocjrj. 33, 73.) Silver-oxido 
and those of its salts which are soluble in water, are reduced by formic 
aoid with the aid of heat; the salts are more quickly reduced by formiato 
of soda. (Gilbol, Biiboroinor.) Solutions of gold, platimim, and palla¬ 
dium, aro not roducod by oontinuod boiling with free formic noid, because 
the acid gradually volatilinoa; but they are completely reduced by for¬ 
miato of soda, which in some cases throws down spangles, in others,^ us 
with platinum, precipitates a black possessing groat power of iiiduoing 
combustion. (Gbbel.) Tho aqueous acid converts platinons oxide ami 
platinate of soda into platinmn-black, with brisk evolution of carbonic 
acid, (Dbboroincr, Poyy. 28, 180; Sohw. 6C, 289.) At a boiling boat, it 
reduces protoohlorido of platinum to the metallic state. (Berzelius, Pogg. 
36, 8.)—7. Peroxides with dilute sulphurio acid convert formic acid into 
carbonic acid and water. (Liebig.) 

8 . Fonniato of potash, moderately heated with excess of hydrate of 
potash, gives off hydrogen, and is converted into oxidato of potash. 
(Pfdigot, Ann. Qhim. Phys. 73, 220; Dumas & Stas, Ann. Cldm. Phys. 
73, 128): 

2C2HKO'‘ = + 2H. 

Gomhinations, A. With Water.— Aqueous Formic add. —Tho anhy¬ 
drous acid mixes with water without rise of temperature, but the inixtnro 
is attended with diminution of density. A mixture of 1 At. aoid and 
1 At. water obtained from 18 pts. lead-salt, 6 oil of vitriol, and 1 water 
(p. 273), has a density of 1-110 at 10°; does not solidlf}^ at—15°; boils 
at 106°; is as corrosive as the anhydrous acid; and likewise gives off an 
iiiflaimnahlo vapour. (Liohig.)—The acid of sp. gr. I'll68 mixes with 
1 pt. of water, without rise of toinporaturc, forming a mixture who.so 
density is LOGO; with 3 parts of water it forms a mixture whoso density 
is 1-0296; alight condensation therefore takes place. (Golden.) 
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IT b. Acid Sait. —A solution of neutral formiate of potash in hot 
concoutratocl formic acid yields, according to Bineau (F. A mi. Ghim.Fhys 
19, 291, and 21, 183; abstr. Jahresber. L. ds K. 1847-8, 546), crystalline 
noodles as it cools. The mother-liquor evaporated in vacuo over sul¬ 
phuric acid and caustic potash, yielded a crystalline mass, part of -which 
was loft in vacuo, as long ns it emitted any odour of formic acid; another 
portion was dissolved in alcohol and evaporated to dryness in vacuo, 
riiose tlireo preparations contained formic acid and potash in the propor¬ 
tion indicated by the formula, C^HKOHCWO*; but the first also con¬ 
tained 2-G per cent, of water, the second 7'6, and the third 11'O per cent. 
Tho salt has a strongly acid taste, and is highly deliquescent. When 
dissolved in a largo quantity of water and the solution evaporated, it is 
for the most part converted into tho neuti-al salt. When kept for some 
time in vacuo, it gives off part of its acid. IT 

Formiate of Soda. — a. Neutral, —Rhombic tables with bevelled lateral 
faces, or flat four-sided prisms (Gobel), having a saline, bitter taste. (Ar- 
vidson, Golden.) Tho crystallized salt molts in its water of crystalliza- 
tiori; then gives off tho water with strong intumescence; and afterwards 
solidifies in tho form of a pearly, anhydrous salt, which, when ignited, 
loayos 36'6 per cent, of pure [?] soda. (Ghbel.) Does not yield any acid 
distillate when strongly heated. Dissolves in 2 pts. of water. (Arvidson.) 
Doliquosoeut. (Gobel.) 

Anhydrous , Gelileii. Riohter. 

NaO. 31-2 .... 45'75 48'3 58-34 

CniO^. 37'0 .... ,')4'25 51-7 4].'GS 

CTINaO' . 08-2 .... 100-00 lOO'O 100-00 

Crystallized. G6bel. 

NaO. 31'2 .„. 36-20 30-0 

cnios. 37-0 .... 42-92 43-4 

2Aq . 18-0 .... 20-88 20-0 

CT-lNaO< + 2Aci 86-2 .... 100-00 JOO-0 

IT b. Acid Salt. —Obtained by dissolving the neutral salt in strong 
aqueous formic acid, and evaporating in vacuo. Forms ill-defined crystals, 
containing acid and base in tho proportion represented by tho formula, 
C”HNaO'‘-|- they also contain 7 per cent, of water. The pro¬ 

perties of this salt arc similar to those of the corresponding potash-salt. 
(Biuoau.) ^ 

Formiate of Baryta. —Transparent prisms, having a strong lustre and 
belonging to tho right prismatic system.—Right rhombic prisms truncated 
on the two acute lateral edges with two i-facos, and bevelled with two 
y-facos, resting on tho obtuse lateral edges; v! :u = 75'" 30'; y : y — 82“. 
(Bornhardi.) Bitter, permanent in tho air (Arvidson); efiloresco in warm 
air. (Gehlen.) Tho salt turns brown when strongly heated, omitting an 
odour of burnt sugar; dissolves in 4 parts of cold water, but is insoluble 
in alcohol. (Arvidson.) 


Crusf.alliupd. 




Gehlp.n* 


Gobel. 
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Formiaie of Sirontia. —Tvanspavcnt, pevpeudiculaiiy truncatod, six- 
sidod prisms, containing 4 At. water. When heated, they first become 
opaque and then orninblo to a white powder. (For Pasteur’s observations on 
tlie crystalline form of tliis salt, vid. JV. Ann, C/tim. Pkys. 31, OS.) 

Foi-miate of Lime.- —Transi>avent, compressed six-sided prisms, with 
acuminated terminal faces (Siiersen)) also truncated ootohodrons and 
dodecahedrons. (Gdbel.) They have a saline, bitter taste, and ofilorcsco 
in the air with loss of all their water. (Gobel.J The salt decrepitates on 
live coals; does not yield any acid by dry distillation, Soluble in 8 parts 
of cold water (in 10 pta. of water at 10®, according to Gbbol), insolublo 
in alcohol. (Arvidson.) 

Formiate of Mac/nesia ,—According to Richtor, this salt forms very 
small cubes; according to Arvidson, transparent, slender needles united 
in tufts. Its taste is first sharp and afterwards bitter; it is ponnanont 
in tlie air. (Siieraon.) The crystals do not diminish in weight when 
heated over the water-bath. (Gbbel.) When ignited they swell u]), turn 
black, and are ultimately converted into wliito carbonate of magnesia. 
(Bergman.)—They are soluble in 13 parts of cold water, but insoluble 
in alcohol. (Arvidson.) 



Crystallized. 

■Rioliter. 

Gbbe], 

MgO. 

. 20 .... 35-09 

37-58 

85-60 

CHIOa. 

. 37 .... C4-91 

C2-42 

04-44 

C’HMgOt 

. 57 .... 100-00 

. 100-00 

.... 100-00 


Cerous Formiate, —White crystalline powder, which does not give olT 
its half-atom of water at 250®. When ignited in a close vossol, it does 
not Jeavo metallic cerium, as stated by Gbbol. When ignited in the air, 
it first turns yellow, and is subsequently converted into corio oxido. It 
is very sparingly soluble in water. (Boringer, Ann. Phavm. 42, 144.)—i 
Reddish white, orystallino powder, which gives off all its water of crystal¬ 
lization at 120°. At 200° it passes, without fusing, into a kind of dusty 
ebullition, gives off carbonic acid and gaseous carburottod hydrogen, and 
is converted, without blackening, into cerous oxido, which, at a higher 
temperature, changes to yellow oeroso-ceric oxide. (Liebig.) 

Boringor. 

2 CeO. 108 .... 56-55 56-77 

2 G’Ha'’ . 74 .... 38-74 38-92 

1 Aq. 9 .... 4-71 4-31 

EC^HCeO'hAq. 191 .... lOQ-QO lOQ-QO 

_ Foimiate of Alumina. —May also bo obtained by precipitating for¬ 
miate of baryta with sulphate of alumina in equivalent proportions, and 
evaporating the filtrate, Ci-ystallizos with difficulty. (Liobig.) Gummy; 
tastes sharp and rough; after evaporation, it is but sparin^y soluble in 
w.ater. (Arvidson, Richter.) Tastes sweot and rough; reddens litmus 
slightly; becomes moist in the air; forms a clear solution in cold water; 
dissolves likewise in hot water, but with instant precipitation of all the 
alumina. (Gbbol.) The solution of the pure salt does not become turbid 
when heated; but if sulphate of potash bo prosont, it forms a precipitate 
which redissolves as the liquid cools. (Liobig.) 
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Furmlale of Tlmrina. —A aolution of liyth'iito of Uiorina in tinnoous 
formic acid yields, by spontaneous evaporation, crystals whicli form a 
clear solution in boiling water, but wlicu digested in cold water, form an 
acid solution and leave a basio salt. Alcohol diasoh'os them but 
sparingly, (borzolius.) 

Vanadio Formiale. —The blue solution of hydrated vanadio oxide in 
aipiooiis formic acid, deposits, when evaporated in an open vessel, a blue, 
opatjuo, saline mass, 'easily soluble in water. Tho solution, if it contains 
free acid, retains its blue colour on exposure to tho airj but if tho excess 
of acid has boon previously driven otT by evaporation, the solution 
becomes dark green in tho course of 12 hours.—When a thin tilm of tho 
solution is loft to evaporate in tho air, there romains a violet residue, 
which dissolves but imperfectly in water. (Berzelius.) 

Yanadic acid is but very slightly soluble in formic acid. (Borzolins.) 

Chromic FormiaU. — Tho solution, when evaporated, loaves a green 
saline mass. (Berzelius, Lehrb.) 

Uranoxis Formiate. —Protochlorido of uranium yields, with formiiite 
of soda, a green precipitate, which dissolves, with green colour, in e.xeods 
of tho soda-salt, and does not reappear on further addition of chloride of 
uranium. But on heating tho mixture, it becomes turbid, ami ileposits 
a greyish green body containing iirauous oxide and formic acid, Tlio 
colourless Ti([uid filtered from Uiis substauco contains a largo C[uaiUity 
of formic acid and but little uranium, (llammolsborg, J'oyxj. .'it), !i4.) 

Uranic Formiate, —Unorystallizablo, glutinous mass, which becomes 
moist on exposure to tho air. (Richter.) 

Manganous Fox'xniata. —Formed by dissolving tho oarbonato. Red¬ 
dish prisms, which are nearly tasteless; redden litmus slightly j crumble 
to a white powder when heated •, dissolve in i;5 ])ts. of cold water, but 
are insoluble in alcohol. (Arvidson.) Very small, white prisms, having a 
sweetish, metallic state, and containing 1 At. water, ((-l-ubol.) 

Hot formic! acid does not dissolve Anlimotiic oxide. (Goliel.) 

Formiate of Bismuth. —Crystals which turn black when ignited, and 
are easily soluble in water. (Arvidson.) 

Formiate of SHino, —Formed by dia.solving tho metal or its oxide. 
Transparent and cidoiirloss prisms, which are permanent in the a.ir, a,ml, 
when heated to roduoas, first swell up, then lii(uafy, giving oil' a ]nuigent 
vapour, and finally leave oxide of zinc. They dissolve sparingly in 
water (in 24 pta. at 1.0°, according to Gbhol), and arc insoluble in 
alcohol. (Marggrnf, Arvidson.) 

Crj/slallized, 

ZiiO. .10-2 .... .12'23 

CHUV. 37-0 .... 3H'HG 

2 Ati. 18-0 .... 18'91 


tlybol, 

‘13a2 


CniZiiOi,2Ari, 


95-2 .... lOO-OO 
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crystallization, and tlicu suddenly decompose, leaving 53‘75 per cent, of 
yellowish brown oxide. They dissolve readily in water, (Gobol.) 

Crystallized. Giibcl. 

CdO. 64 ..., 83-77 .bS-rS 

CHIO"... 37 .... 31-10 

2Ac). 18 .... 15-13 

C2HCdO',2Aq. 1)9 .... 100-00 

Stannous Formiate. — Sometimes a white insoluble powder, which 
turns black at first when ignited; sometimes a |!;elatinous mass, which is 
difficult to dry, and from which alcohol precipitates a white powder. 
(Arvidson.) 

Slanrda Fonniale .—Aqueous bichloride of tin mixed with- fovmiato 
of soda does not become turbid till the mixture is heated; it then 
becomes white and gelatinous, and after a while tho iirecipitato assiinios 
a crystalline cliaracter. (Liobig.) Tho acid does not dissolve stannic 
oxide oven when heatod, 

Formiale of Lead .—White prisms, having a strong lustre, and a 
sweet, astringent taste like that of sugar of lead. ^Marggraf, Arvidson.)— 
The crystals contain no water of crystallization (Borzolius, Locami, 
J. Fharm. 8, 552)j they contain 5-83 per cent, of water, which they 
give off at 100°. (Gbbol.)—Tho salt when lioatcd docrojiitatos forcibly, 
swells up, turns black, and yields a distillate consisting of a stinking 
water, which does not exhibit any acid reaction. It dissolves in 30 parts 
of cold water (Arvidson), and is nearly insoliiblo in alcohol. In conse- 
quonco of tho small solubility of this salt in water, formic acid added 
to a cold coiioonti-atod solution of subaootato of load, produces radiating 
needles of forniiato of load. (Dbboroincr.) 


PbO . 

Crystallized. 
. 1)2 .... 

75-17 .. 

Berzelius. 
. 74-88 . 

Lecanu. 

... 74-88 

Guild, d. 100' 
. 78-00 

2 C . 

. )2 .... 

8-OS .. 

. 8-28 . 


. 7-97 

H . 

1 

0-67 .. 

. 0-71 . 

1 


3 0 . 

. 24 

10-11 .. 

. 1013 . 


. 15-78 

OTPhO' 

' .... 149 

, 100-00 .. 

. 100-00 . 

,,,, 

. 100-00 


Ferrous Formiate .—Formed by dissolving tho hydrate. Tho colour¬ 
less solution covers tself with a metallic film. When heated it becomes 
turbid, ferrous oxide [I] being separated and formic acid sot free, so tliat 
we cannot obtain a dounite salt. (Gdbel.)—The colourless filtrate obtained 
after precipitating formiate of baryta with ferrous sulphato, loaves, whou 
evaporated in the air, a yellow basic salt of forrio oxido, (Liobig,) 

Ferric Formiate .— Small, rough, reddish yellow noedlos, easily 
soluble in water, sparingly in alcohol. (Marggraf, Arvidson,) Forric 
hydrate, even when recently prepared, dissolves but sparingly in formic 
acid; the solution, which is brownish yellow, very acid, and has a 
sweetish, rough taste, leaves, on evaporation, a rod-hrown, dolicmosoont, 
crystalline mass. (Gdbel.)-—When the dark yellowish rod mixtui-o of 
formiate of soda and a forrio salt is boiled, nearly all tho oxido is depo¬ 
sited in the form of a basic salt, so that tho liquid contains free forniio 
acid. The hasic salt thus separated contains 76-125 per cent, of forrio 
oxide, probably therefore 3 At. ferric oxide to 2 At, formic acid [or 
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ratlior2:lJ. Wlion subjootoJ to dry distillation, it givos off carboiiio 
iicid, and afterwards formic aoid with an oxtromoly pungent odour. 
(Dbboroiuor, J. _?;?•. Qliam, 1, 373.) 

Fonniate of Cobalt, —lloao-colourod, ill-dofinod crystals, wliioh,'wliou 
ignited, first turn blue and then black j they arc sparingly soluble in 
Water, and quite insoluble in alcohol. (Arvidson.) 


Formiato of Nickel. —Green crystals, aggregated in tufts ; when 
ignited, they first turn yellow and then black. (Arvidson.) 

Cupric FormicUe. — a. Basic. — Green, sparingly soluble powder. 
(Arvidson.) 

b. Neutral. —Groonisli blue, trausparont prisms (having nearly the 
form of Fig, 6G), Sp. gr, I'Sl.l. Yioldf a bluish white powder. (Bornhardi 
& Gohlou). Prisms belonging to the oblique prismatio system (Fig. 
cleavage parallel to i). (J. Muller, Fogg. 3.G, 472.)—Tho crystals 

olllorosce in warm air, and bum with a grooii flame in tho fire. (Arvidson.) 
When siihjootod to dry distillation, they fuse j become dry again and 
assume a darker blue colour after parting with their water; then give off 
2 volumes of carburottod hydrogen gas [probably 1 vol. oarbonio oxide 
and 1 vol. hydrogen] to 1 vol. oarbouio acid, and 32’7 per cent, of an 
acid non-othuroal distillate, leaving a rosidno of i)uro copper unmixod 
with charcoal, and amounting to 28-5 percent. (Gehlcn.) — llissolvos 
in 7 parts of cold water (Arvidson), in 8 4 parts (Gohlou), forming a 
blue solution, and in 400 parts of 80 por cent, alcohol. (Gohlou.) 


Cri/slalHzeil, 

f'uO. 40 .. 

cniO". .’17 ... 

4Aq. ill! ,, 

.. 3.')‘40 

,. 32-74 
.. 31-80 


GlihiO. 

S.'l'H.'J 

31'(ifil 

32-50f 

GuMmi. 
3ft-B 

04-5 

CniCuOi,4Aq.,.. 113 .. 

.. 100-00 


99'OD 

. 100-0 


Mercurous Fonniate, —When mercuric oxido is dissolved in cold 
aqueous formic acid, containing 10 por cent, of tho anhydrous acid 
^(jappOi), and a gentle heat then n])plied, tho solution sudilonly s<ilidifics, 
W'itlv intumosconco and escape of carbonic acid, yielding ii mioacoous mass j 
this ofl'oet is duo to tho separation of tho morcurous salt formed by tho 
action of tho formio acid on tho morcuric o-xido.—At first, a solution of 
inorourio formiato is produced; but on tho application of heat, 4 At. of 
thi.s salt are resolved into 2 At. mercurous formiato, J At. free formic 
aoid, and 2 At. carbonic acid ; 

-tcniirgO' = 2cning50‘ + ctpo' + zco't 

As formio acid is sot free in this process, tho liquid separated from tho 
crystals of tho morcurous salt may ho again saturated in tho cold with 
inorcnrio oxido, and then, if gently heated, it will yield another oroj) of 
crystals of tho morcurous salt. If tho morcuric solution bo too strongly 
heated, tho orysta,ls turn groy from admixture of morcuiy, and if a, still 
stronger boat bo api)liad, nothing but metallic inoroury is precipitated. 
—The crystals must bo (Iriod between bibulous paper at a tom]mr:il,urri 
botwoon IK)-’ and 40 ’. They are delicate, microscopic, four and Hix-Hid(al 
tables, snow-white, with a pearly lustre and groasy to the touch; tludir 
taste is saline at first, but afterwards molallic a.iul astringoiit. Tlioy 
blacken whon oxiioHcd to light, especially if moist, a,ml likewise, tluiugli 
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more slowly, in the dark. They are decomposed by pressure, or by a 
beat of 100°, into mercury, carbonic acid, and formic acid : 

2C2IIIIg''0' = 4Hg + C3H=0‘ + 2C02. 

When boated in a spoon, they are suddenly decomposed with a hissing 
noise and leave metallic mercury. Their aqueous solution, when continu¬ 
ously heated, gives off carbonic acid and deposits all the mercury in tho 
metallic state, the liquid being converted into a solution of pure forinio 
acid (as shown in tho preceding equation).—Tho crystals dissolve in .^20 
parts of water at I7“, more abundantly, but with inciqrient dGComposltion 
in warm water, and are insoluble in alcohol and ether. (Gobol, N. Tr. C, 
1, 190; Sekw. OS, 155;— comp. Liebig, Fogff. 3, 207.) 

Crystallized. Gohcl. 


Hg!>0 . 208 .... 8-l'3 . 83’108 

cn-IO". 37 .... 1.5 •! 

C^HHg’O' . 245 .... 100-0 


The black precipitate which ammonia forms with mercurous fonniato, 
contains, according to Harff ( N. Hr. Arch, 5, 262), 3 At. mercurous 
oxide and 1 At. formiato of ammonia. 

Mercuric Formiate .—Tho solution of mercuric oxide in cold, dilute 
formic acid jrields with potash a precipitate which is yellow at first, and 
-with ammonia a white precipitate; but even if kept cold, it likewise, after 
a few minutes, deposits crystals of the mercurous salt. (Gbhel.)—The 
finely pulverized oxide dissolves in tho cold anhydrous acid, forming a 
syrupy solution, which if loft in vacuo over oil of vitriol dries np to a 
white, crystal!o-grauular mass, soluble in water. This mass is likewise 
converted, by tho slightest rise of temperature, into white, acioular mer¬ 
curous formiato, carbonic acid being at tlio same time evolved and formic 
acid sot free. (Liebig.) 

When a mixture of tho aqueous solutions of 2 pts. formiato of potash 
and 2 pts. cyanido of morcui-y is left to evaporate, shining crystals are 
obtained, wllich give off cyanogen when boated, then blacken and fuse, 
swell up, and leave a residue of carbonate of potash; when boated with 
oil of vitriol, they givooff carbonic oxide and hydrocyanic acid with offor- 
vesoence. As these crystals contain 21-05 per cent, of potash and 47-41 
of mercury, that is to say, nearly equal numbers of atoms of tho two sub¬ 
stances, they are perhaps composed of 1 At. formiate of potash and 1 At, 
cyanide ofraoroury. (Wincldor, Reperl. 31, 459.) 

Formiate of Silver .—Formed by dissolving carbonate of silver in cold 
aqueous formic acid. Transparent rhombohodrnl crystals, which burn 
black in tho fire, swelling up and omitting an intolerable smell. They 
are easily soluble in water, but insoluble in alcohol. (Arvidson.)—On 
mi.xing conoontratod solutions of neutral nitrate of silver and slightly acid 
formiato of potash, a large quantity of suow-whito crystals is immediately 
precipitated; those crystals under tho microscope present the aqipeni-ance 
of rhombic six-sided tables. If tho solutions aro too concentrated, the 
mixture solidifies in a curdy mass ; if they are too dilute, the whole 
remains in solution.—Tlio salt blackens very quickly on exposure to light 
and oven in the dark, especially if it be moist; hence tho crystals, after 
drying between paper, appear load-grey. (GBbel.)—On tho application 
of heat, the salt is rapidly docomposod into metallic silver, carbonic acid. 
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aiJ‘1 foi'iiiio aoid. Aqueous potas doooinposos it iuatantly, vitli riso of 
tcinpoi'n'turo. (Liobig .)—Heated forinio aoid does not dissolve oxido of 
(jilvor, but I'oducoa it, (Gcibol) 


Protosnlphido of Methyl. C»IPS = C=IP,IIS, 

lliaaNAtir/r. Ann. Chlni. JPhya. 71, 391 J also Ann, J’havni. 34, 20 ; also 
J.pr. Chan. 10, 2 (’1840).—CAiiouns. Covipt. rend. 22, 300, 

Ilydromlphuric Methyl-ether, Ilydroaulphale of Methylene; Hydro- 
ihion-Hohnaphtha, ScJmtfel-Mcthyl, Methylmlfilr, Schtve/cl-J''orinafer ; 
id'itlf hydrate de methyldne, JUther hydromlfunque de Veaprit de lois. 

An alcoliolio solution of nionosnlpliido of potassium is proparod by- 
dividing an alcoliolio solution of potash into two ocpial parts, satuiating 
tliO ono with sulpburottod hydrogen, and thou adding tho other to it, 
taking caro that tho quantity of potash in tho mixture is rathor too groat 
than too small, bocauso an excess of suliihurottod hydrogen would lie 
injurious. Through this inixtiiro, contained in a tubnlatod retort, gaseous 
chloride of inothyT is passed nearly to saturation, and tho product is tlien 
(;liatillod at a gontio boat, tho roeoivor being well cooled, and tlio stroiim 
of j^asooua chloride of uvothyl constantly kept up. From tho alcoholic 
distillate, tho sulphido ot inotliyl is separated by water ns above 
(Rcgnault)! 

CHPCl -!■ KS - C!>n»S + KCl. 

Very thin liquid, of spooiflo gravity 0-845 at 21". Boils at 41®. 
Vai^our-donalty = 2-115. Has an extremely unpleasant odour, (llog- 
nault.) 

Kognault. "Vol. Hoimity. 

2 C . 12 i... BS-J-I „„ 3y'3i) C-vnpour. 2 .... 0-H:!‘20 

3 II . 3 .... 9-08 .... 9-80 U-gi«. 3 .... 0-2079 

S . 10 .... 61-01 .... H-vapour. 4 1-10113 

CaUMlS.... SI 100-00 Viipour . 1 .... 2-1402 

Tho gas is theroforo monatomic, like the ethers. (TlognauU.) 

By chlorine in daylight, the compound is rapidly convertod, with 
i-iao of tompoi-aturo and formation of hydrochloric acid, into GTICFS, 
Avliich is not porinanont, and aftorwards, in sunshiuo, into : 

+ OCl C»C1-’'S H- .'iUCl. 

Chloride of sulphur and biclilorido of carbon avo, liowover, formed at tlio 
laaino time, (Cahours.)—^Probably in this manner -. 

CHICFS + 4Cl - C’Cl-' + II Cl -I- SCI. 


Bisulphide of Methyl. CHPS’. 

Oaiiours (184G). Ann.Chim.PhyB, 18, 257; abati-,C'ora 2 )t. rend. 22,3(12. 

.Preparation. 1. By passing gaseous chloride of motiiyl through an 
alcoliolio solution of bisulphido of potassium : 

CHPCl + KS’ C=1PS= + KCl. 








CnFCaO= 2S0-'' + KS= = KO.SOa + CaO,S03 + 

The yellowish Jistillato is rootifiod j and tho xjortion which distils over 
between 110° and 112°, dried by chloride of calcium, and again partially 
distilled. 

Ti'aiisparont and colourless liquid, having great refracting power, and 
a density of 1'04C at 18°. Boils between 11G° and 118°. Vapour-den¬ 
sity at 19G°=3'298. Has a very poraistout and intolerable odour of 


onions. 

2 C . 

. 12 . 

... 2r)-5:i 

Ilegnttnlfc, 

.... 28*4() 

C-vapour. 

Vol. 

... 2 . 

Density. 
... 0-8320 

.1 H . 

,. 3 , 

(>•39 

.... G-35 

H-g»is. 

... 3 

... 0-2079 

2 S . 

. 32 . 

... (iH'08 

.... G7-90 

S-vai)Our. 

... !, . 

... 2-2186 

C'-illW. 

. 47 . 

... lOO'OO 

.... 99-71 


1 

... 3-2085 


Tho gas is therefore monatoinio, like the ethers. 

[The composition of this substance is not in accordance with tho 
nuolous-tho6ry. Should it bo oonsidorod as a compound of 1 At. C“H®S 
and 1 At. 1 ] 

This compound may bo sot on lire by a red-hot bod^, and burns with 
a bine flamo, omitting a strong odour of snlphuvous acid.—Chlorine acts 
violently upon it, producing at first a substance which crystallizes in 
ambor-colourcd rhombic tabios, but is converted, by the further action 
of tho ohlorino, into a yellow, ami ultimately into a red liquid, con¬ 
sisting of a mixture of C'CPS and SGI.—Bromine likewise forms sub- 
atitutiou-prodiicts. Modoratoljy strong nitric acid acts strongly on tho 
coinponuuj produoing sulphuno acid and a peculiar acid which forms, 
with potash, long sloudor noodles; with baryta, shining colourless tables; 
and with limo and oxide of load, soluble crystal]izable salts.*—Oil of 
vitriol dia.solvos tho compound at ordinary temperatures; but doconnioscs 
it Avlion boated.—Tho compound is not altered by distillation over concen¬ 
trated potash-solution. 

It is but very sparingly soluble in water; but, novortlioloss, imparts 
its odour to that liquid. Mixes in all proj)ortion8 with alcohol and ether. 
(Cahoiu’s.) 


Metliylene-Mercaptan. CHPS” = C“IP,I-PS“. 

GnisaoEY. Ann, Fharm. 1.1, 230 (1835). 

Sulfhydvate do su/fure de melhyle [Felcforme]. 

Formed by distilling in tho wator-hath, with eflioiont condensation, a 
iiiixtui'o of 1 nt. of a solution of sulplioinothylato of lirao, and 1 pt. of a 
solution of siuphido of hydrogen and calcium (both solutions having a 
density of I'25), and agitating tho distillate with caustic potash, to froo 
it from hydrosiilplmric acid ; 

CnPCuO=,2.SO'' -I- ICS, IIS = C=II-|.S3 + K0,S0“ + CaO,SO». 

♦ MiiBpratt {Chom. Soc. Qa. J. 1, 5.1) gave (:o Hiib ncid the name of JiisulpMmeth)jUc 
add, rciiiTseiitiiig its salts by the fonimla C'^IPMS-O®; more recently, however {C/icm. 
floo. Qii, J. 3, 22), ho has fouiul that it U Ulontioal with llypoaulphomcthylic acid, the 
formula of wliusu salts is C^IPMS’O” (comp, p. 208). [W.] 









Liquid; lighter tlian water; boils at 21°; smells like morcaptiin, but 
much more disagreeable. 

Somowliat soluble in water.—Forms a yellow precipitate with acetate 
of lead. With mercuric oxide, it forms a white compound (1 At. water 
being sojiarated) which cry.stallizesfrom a hot alcoholic solution in shining 
lamina), not fusible at 100°. (Gregory.) 

Htrong hydrochloric acid placed in coiilaot with zinc and suljihido of 
ciu’bon (or a mixture of equal parts of alcohol and sulphide of carbon), 
gives oil' an oxtromoly fetid gas. (11. Diittgor, J. nr. Cheni. 3, 267-)— 
[Is thi.s gas C'lPjSS or a mixture of with 2HS ?] 


Iodide of Methyl, c^ipi = c»iP,Hi. 

Dumas h Pkhqot (183.1). A 7 in . Chvm. Phys. 58, 29. 

MdhyUo Iodide, Jlydriodio Melhyl-clher; lodmelhjl, lod-Formafer ; 
Jlydidoduio de Methyld^ie, lodiwe de Methyls \Scludaforme \. 

Ono part of phosphorus is added, by small portions, to a solution of 
8 pts. iodine, in 12 to 15 pts. wood-spirit, contained in a tubulated 
rotort. As tho first portions of plioaphoriis produce a violent action, the 
roTnaindor must not bo added till the boiling ha.s ceased, Tho mixture is 
thon_ agitated, heated immodiatoly, and distilled as long as tho cthor 
continues to pass over. Tho colourloss rosiduo contains phosphorus, 
jihosphorous acid, and phosphomotbylic acid. Froni tho distillate, which 
IS a mixture of wood-ajiirit and \uot!iylic iodide, tho latter is precipitated 
by water, and afterwards roctirie<l in tho wator-bath over largo quantities 
of chloride of calcium and oxide of load. 

Cnlourlnas liquid of sp. gr. 2'2.57 at 22°; 2‘1092 at 0° (Pierre); boils 
botwoou ‘10° and 50°; at ‘tS'S" (bar. 750'2"''") according to Pierre; at 
' 12 '2 ° (bar. 752""") nocording to Andrews. {Ohem. Soo. Q%t, J. 1 , 27.) 
Vapour-density = 4'883. 

Dum. P61. 


2 C . 

... 12 , 

... 8'51 ... 

. O'O 

C-vai)onr.... 

2 .. 

.. 0-8320 

3 It . 

... 3 . 

... 2'13 ... 

. 2'2 

H-gtts. 

3 .. 

.. 0-2079 

,1 . 

... 120 , 

... 89'30 ... 

. 88-8 

I-vnj)our.... 

1 .. 

., 8-7356 

cbwii . 

... Ml . 

... 100-00 ... 

. lOO'O 


2 .. 

1 .. 

.. 9-776.5 
.. 4-8877 


Burns with difflcnlty, and only in tho llamo of a lamp, diffusing a 
largo quantity of violot vapours. (Dumas & Pfiligot.) 

*ir On ammonia and tho compound ammonias, iodide of methyl acts 
by substituting one or moi-o atoms of methyl, C^fP = Me, for H, or by 
adding one or more atoms of mothylono, CMl'*, to ammonia or ammonium, 
or their analogues. Thus, when heated in a sealed tube with strong 
ammonia, it forms, in addition to iodide of ammonium, four different 
iodides, viz., iodide of methylium, (IPMo)NI, iodide of dimetkylium, 
(I-PMo’lNI, iod'ide of trimethylium, (I-IMo®)NI, and iodide of letramelhy- 
Ihm, Mo*NI. With triethylamino, Et®N, it forms iodide of inelliylo- 
irielhylhim, (MoEP)NI; with aniline, or phonylamine, (rPPli)N, it 
forms iodide of methylophenylium, or hydriodate of melhylophenyhiminc, 
(tPMoPli)NI or (HMoPh)N,I-II, &c., &c. (Hofmann, vid. pp. 320, 321.)— 
lodido of methyl distilled with antimonido of potassium, yields iodide of 











vviUHhy iTic wUJt X /fr(.(/'7/&. I Op ifx,) 

Iodide of iiietliyl heated with zinc yields niethyl-gaa, and a white 
crystalline residue which is decomposed by water, producing brilliant 
flame, and when distilled in an atmosphere of dry hydrogen, yields a 
colourless, pellucid distillate, consisting of Zinc-methyl, C’lPZn. (Prank- 
land.) 11 


Bromide of Methyl. C'H’Br = C“H^HBr. 

Bunsen. Ann. Pha't'm. 4G, 44. 

Mcthylic Bromide, Uydrohroniio Methyl-ether, Methylbromur, Brom- 
Formafer \_MalaJorm^. 

a. Gas. —Evolved on gently heating tho basic perhroinide of cacodyl. 
(Bunsen.) 

Colourless gas, of sp. gr. 3‘155 and faint ethereal odour. When 
cooled below —17°, it eoiulonses into a thin, transparent, and colourless 
licluid. 

Vol. Density. 

2 C . 12 .... 12-63 C-vapour. 2 .... 0-8320 

3 H . 3 .... 3-16 H-gas . 3 .... 0-2079 

Or. 80 .... 81-21 Br-vapour . 1 .... 5-5466 

C^lP.HBr. 95 .... 100-00 2 .... 6-5864 

1 .... 3-2932 

Mixed with oxygen, it explodes violently on the application of flame, 
yielding carbonic acid, water, hydrobromie .acid and free bromine; 100 
volumes of tho gas yield 104 vol. carbonic acid. Mixed with air, it burns 
with a yellowish flame. (Bunsen.) 

The gas is scarcely absorbed by water or ether; hut very readily by 
alcohol. (Bunsen.) 

T 6. Liquid. —50 parts of bromine are carefully dissolved (by small 
portions) in 200 parts of pure wood-spirit, at a temperaturo of 5° or G°, 
direct sunshine being carefully excluded. To this solution, at a tempera¬ 
ture below 6°, seven parts of phosphorus arc gradually added, and tho 
liquid slowly heated in tho water-bath. Tho action begins at 7° or 8°, 
the temperaturo then rising high enough to melt the phosphorus. When 
it is over, the liquid is left to cool; the straw-yellow layer at the top 
decanted olT, and distilled carefully, together with that which has already 
passed over ; the distillate washed with very slightly alkaline water, 
and afterwards with pure water at0°; then dried over chloride of calcium, 
and rectified in tho water at a temperature not exceeding 20° or 22°. 
(Pierre, W. J. Pharm. 13, 156; Jahresber. L. K. 1847-8, C72.) 

Colourless, neutral, strongly smelling liquid, of sp. gr. 1-664 at 0°. 
Boils at 13° (bar. 759”'"), and retains its transparency an<l fluidity at 
— 35-5°.—The analysis of this compound agrees with the formula, 
0‘H’Br (Pierre); but it is evidently diflferent from Bunsen’s. There can 
be little doubt, however, that it is the true bromide of methyl; for its 
mode of preparation is similar to that of the iodide, and its properties 
are exactly such as might bo looked for in a compound holding an inter¬ 
mediate place between the chloride and iodide of methyl. IT 
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Chloride of Methyl. c^H^ci = C“H^HC1. 


Ddjias & PiiuGOT (1835). Ann. Chim. Phys. 58, 25: also Ann. Pharm.. 
15, 17. 

Begnault. Ann. Chim. Phjs. 71, 377; also Ann. Pharm. 33, 328; also 
J. pr. Ghem. 19, 210. 

Bunsen. Ann. Pharm. 46, 32. 


Methylic Chloride, Hydrochloric Afdhyl-eiher; Methyl-clilorilr, Siilz- 
Hohnaphiha, Salzsaurer AIdhylenather, chlorwasserstoffsaures Methylene, 
Ghlorhydrale de methylene, Chlonire de meihyle [Kalaforme^. 


Formation and Preparation. 1. By heating 1 part of wood-spirit 
with 2 pts. common salt and 3 pts. oil of vitriol, and collecting the 
evolved gas over water, which retains the impurities, such as sulphurous 
acid, wood-spirit, and methylic ether. (Dumas & Peligot.)—2. Chloride 
of methyl is likewise produced by heating common salt with sulpho- 
methylic acid (Dumas & Peligot): 

C=H'0=,2S03 + 2NaCl = CWCl + IICI + 2 (NaO,SO=). 


S. Also by heating basic perchloride of cacodyl. (Bunsen.) 

Colourless gas, which does not liquefy at —18°; sp. gr. ]'731 (1’763 
according to Bunsen). Smells like other (according to Bunsen, it is 
inodorous); has a sweet taste. Its aqueous solution does not redden 
litmus, or precipitate a solution of silver. (Dumas & Peligot.) 


2 C . 


.. 23-81 

C-vapour. 

Vol. 

Density. 

0-8320 

3 H . 

. 3-0 .. 

.. 5-95 

H-gos.. 

. .3 .... 

0-2079 

Cl. 

. 35-4 .. 

.. 70-24 

Cl-gns.. 

. 1 .... 

2-4543 


CW,HC1. 50-4 .... 100-00 


2 

1 


3-41I42 

1-7471 


1. The dry gas passed through a red-hot porcelain tube is resolved, with 
deposition of a little carbon, into a mixture of bydrochlorio acid gas and 
metliylenc-gas (p. 246), together with undcconiposed chloride of methyl. 
(Dum. Pci.)—2. The gas burns in the air with a white flame, green at 
the edges. 2 volumes of it, exploded with excess of oxygen, consume 
somewhat more than 3 volumes of tho latter, and form 2 vol. carbonic 
acid gas, besides water, hydrochloric acid, and a small quantity of chlo¬ 
rine, the excess of oxygen abstracting a certain portion of hydrogen from 
the hydrochloric acid gas. (Dum. Pel.)—3. Chloride of methyl, mixed 
with chlorine, takes fire on the approach of flame, and burns with a red 
light. (Bunsen.)—At ordinary temperatures, chlorine does not act on 
chloride of methyl in diffused daylight; but in sunshine, it converts the 
gas, with formation of hydrochloric acid, first into C“H’“CP, theu into 
C^HCP (chloroform), and lastly into C*CP. (Begnault, comp. Laurent, 
Ann. Chim. Phys. 64, 328.)—4. Chloride of methyl, passed through a 
heated mixture of lime and hydrate of potash, yields hydrogen gas, 
chloride of potassium, and formiate of potash, which is subsequently 












converted into carbonate (Dumas & Stas, Ann. Ghim, Pliys. 73, 157, 
also J. pr. Chem. 21, 377): 

. C^H^Cl + 2KO + HO = C^HKO'* + KCl + 4H. 

5 . Potassium burns wben lieated in the gas, and is converted into chloride 
of potassium, with separation of charcoal. (Bunsen.)—Aqueous ammonia, 
potash, or oil of vitriol, exerts no action either on the gas or on its 
aqueous solution.—^ By the action of chloride of ethyl on phosphide of 
calcium, P. Thenard has obtained a number of new products which he 
regards as compounds of the three phosphides of hydrogen, P-H, PhP 
and PH®, with 1, 2 and 3 At, methylene, C“H®. One of these, viz., 
PH®,3C®ff, which is a powerful base, may also bo regarded as (C“H.®)®P= 
Me®P, analogous to metliylamiue j another, viz., PfP,2C^H®, or Mc®P, is 
a spontaneously inflammable liquid having a most insujiportablo odour, 
and analogous to cacodyl, Me'^As. (JaAresber. L.(h K. 1847-8, C4^ ) ^ 

1 vol. of water at 16° absorbs 2‘8 vol. of this gas. (Dumas & P61igot.) 
—Alcohol absorbs it very abundantlyj ether somewhat less. (Bunsen.) 


Bichloride of Methylene. C®H“,CP. 

Reonatilt (1840). Arm. Ohm. Phys. 71, 377j also Ann. Pharm. S3, 328; 
also J. pr. Ghem. 19, 210. 

Chlorinated chloride of methyl, chlorhaltender Chlorioasserstofother dee 
Hohgeists, Chlor-Fonwfer, Ether hydrochloriqiie de methylene rnorio- 
chlorurS [/fe/orwe]. 

Chlorine and chloride of methyl are brought together, in sunshi)io, in 
a glass globe, having two lateral apertures for the admission of the gases 
and drawn out below into an open neck, which enters air-tight into one 
of the mouths of a Woulfe’s bottle, whilst the other mouth is connected by 
abent tube with a second Woulfe’s bottle, and this again by a second bont 
tube with a flask. The second Wonlfe’s bottle is surrounded with ice, 
and the flask is immersed in a freezing mixture, in order to condense tbo 
very volatile products which are formed. The compound C®hPCl“ con¬ 
denses in a state of purity in the flask, whilst in the two Woulfo’s bottles 
the chief product collected is chloroform, C^HCP. In the globe there is 
also condensed a small quantity of sesquichloride of carbon, probably 
arising from the presence of alcohol in the wood-spirit. 

The compound C^H’CP is a colourless liquid, of sp. gr. 1‘344 at 18°; 
boiling point 30’5°; vapour-density 8’012. Its odour resomhlos that of 
the oil of olefiant gas. 


2C . 

. 12'0 . 


Regnault. 


Vol. 

Density. 

... 14-15 

.... 13-85 

C-vapour. 

... 2 .. 

.. 0-8,320 

2 H . 

20 , 

... 2-3G 

.... 2-43 

H-gas . 

... 2 

... 0-1380 

2 Cl. 

. 70’8 .. 

... 83-49 

.... 83-43 

Cl-gas. 

... 2 

... 4-9080 

C8H2,C1“ ... 

. 84-8 .. 

... 100-00 

.... 99-71 


2 , 

1 .. 

... 5-8792 
... 2-9390 


By the further action of chlorine in sunshine this compound is con¬ 
verted into_C=>HCP, and ultimately into C^CP. Mixed with alcoholic 
potash, it yields only a slight precipitate of chloride of potassium, and 
passes over nearly undeoomposed when heated. (Regnault.) 








Monochlorinated Methyl-Ether. C’‘I-PC 10 . 

Rkonaiii.t (1830). Ckim. Ph^s. OOGj also Ann. Pharm. 34, 

20; also J. pr. Ckeni. 10, 271. 

Ohlor-UnlzUther, Ghhr-PonntUhcr, Jithor mcihnlunie monochlornrd 

Molliyl-otlior gas evolved by lion.Uii;' 1 j)!. of wood-spirit with 4 pts. 
oil of vitriol, is pasHod, first through wutor inid thou through poto.Hh-loy, 
to iron it Irom sidpliuroiis and carbonic aoi<l, then througli a long chlorido 
of calcium tulio, and finally through a tube drawn out to a fino point, into 
a glass gloho having two latoral tiibnlnros at opposito aides, and tor- 
ininating below in an ojien nock. Into tho oLhor tuhulnrc is also inserted 
a tul)o witli a narrow nock, by whicli chlorine gas, previously washed with 
water and dried by oil of vitriol, is introduced. The points of tho tiiboa 
by which tlio gaso.s oiiLor tho glot)e must ho placed as far as poMsihlo from 
each other, ho that tlio gaaes may not conio togotluiv till tboy ba.vo been 
well mixed witli air and oLlu'i'gases not coiicoriuid in tho n.ctiou; other¬ 
wise a violent exiilosion will ensno, shattering tho ajijiaratnH to jiiecos. 
Tim (IcHccmliiig mude of the globe passes into an adapting tube, bolow 
wliich is ))la.(icd a bottle with a funnel in its niontb, at some distance, 
however, so tliiit if the glelm sluiald hurst, tiin liijiiid alrea,dy cidlectcd in 
the ladth' may still be preserved. 'J'lie globe is exposed to daylight, but 
Hut Id diroct siuishiiio. An Imiir fiften elapses beforo the gases lii'gin lo 
net tipon t'aoh otliorj but condmisation tlion lakes place saddonly, attended 
willi copious evidutiun of Iiydrocldorio aebl gas.—The gases sbonld flow 
into tlio gloho with modorate rapidity, and in oi|nivalont projiortion, If 
the gloho exliibils a yellow tint from excess of ohlorino, (ho suiijily of 
inotliyl-ethor gas must not bo aoeoloratod, lost a considerablo (jnantity of 
tlio explosive mixture should aconinnlato in tho gloho, and jirodnc.o an 
explosion; Imt the ohlorine-niipaiutiiH must ho oponod, so as to intorrnpt 
the stream of tliat gas till tlio yellow colour him boon romoved by a 
moderate siijiply of the niotliyl-otlmr gas. Hut, in sjiito of ovory pre- 
enntion, an nxoosN of tlio iiiotliyl-cllier gas, ovon if it does not cn.iiso an 
exjilosioii, will Hometimos jirodiioe eomlmstion, attended with a rod light 
and deposition of carbon; in that coho, Urn admission of tlio gases ninst 
bo stopped till tlio ap[)ai'atiiN has ciiohul.—The li((nid cullnctcd in the 
boltlo coiisistH, al'tor rcotillciition, of jmro monoclilorinatod motliyl-othor. 
(Hogiiiuilt.) 

TmiiH|iaront, colonrlcss, verynmbilo ru|nid, of sp gr. I’Hl.'! at 20"; boils 
at 10.7', and may bo distilled without de.eonipoMilion. Vapniir-doiisity, 
.1'!)0H. Mas a siillboating iidiuir, and oxeiU's toars, just like phosgone.— 
Very slowly dooomposed hy cold wator; tho uiiilocomposod portion 
rotiuiiH its original composition, lly tlic fiirllior tielioii of elilorino in a 
hriglit ligiit, it is convortod into C’lICHO, and ultimately into C''G1“0. 
(Hogimnlt.) 
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Fluoride of Methyl. C’H=F = C^H^HF. 

Dumas & Peligot (1835). An7t. Ohim. Phys. 61,103; also.il«n. Phm’m. 
15, 59. 

Methylie Fluoi'ide, Hydrojluate of Methylene; Fluoi'wassersloffsaures 
Methylen, Methylfluoriir, Fluor-Foi'inafer; Fhm'liyd^’ate de Metli'ijlhie 
\Flalaforme\. 

Obtained by gently heating fluoride of potassium with sulphomethylate 
of potash in a glass flask, and receiving the evolved gas over water, 
which frees it from impurities: 

CTI-‘0=,2S03 + 2KF = + HP + 2 (KO.SO"). 

Colourless gas, having a density of 1'186, and a pleasant ethereal 
odour. 


2 C . 

]2'0 .... 

35-Gl 

C-vapour. 

.... 2 .. 

.. 0-8320 

3 H . 

3-0 .... 

8-90 

H-gaa. 

.... 3 .. 

.. 0-2079 

F . 

. 18'7 ... 

. 55-49 

F-gas . 

.... 1 .. 

,. 1-2904 

CW.HF ... 

. 33'7 .... 

. 100 00 


2 .. 

.. 2-3303 


1-1G81 


The gas burns with a flame like that of alcohol, but bluer, giving off 
fumes of hydrofluoric acid.—2 volumes of this gas exploded with oxygen 
consume 3 vol. 0, and form 2 vol. CO*. (Dumas & Piligot.) 


Copulated Cmnpounds. 

Carhomethylic Acid. C*H*0*,2C0*. 

Dumas & Peligot (1840). Ann. Ghim. Phys. 74, 6; also Ann, Pharm. 

35, 283; also J. pr. Chem. 13, 369. 

Methyl-Fohlensdure, Adde carbomethylique. —Known only in tho form 
of a baryta-salt. 

When dry carbonic acid gas is passed through a solution of anhy¬ 
drous baryta in anhydrous wood-spirit, the baryta salt is separated iu 
the form of a precipitate having a faint pearly lustre; it is afterwards 
washed with wood-spirit.—The salt is rapidly decomjposed by heat, giving 
oflf combustible gases, a largo quantity of carbonic acid and a smau 
quantity of ethereal liquid, and leaving carbonate of baryta. It dissolves 
readily in cold water; but the solution gradually becomes turbid, depositing 
one-half of the carbonic acid in the form of carbonate of baryta, and 
evolving the rest in the gaseous form with effervescence, so that in a few 
hours the whole is decomposed, and nothing but wood-spirit remains dis¬ 
solved iu tlie Water. This decomposition is accelerated by heat, and takes 
place instantly at a boiling temperature. The baryta-salt is insoluble 
in absolute alcohol or wood-spirit. (Dumas & P61igot.) 
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9R-C 

lH-0 

DO 

24-() 


M3-0 


Duiniis & Puligot. 


C8'fi7 . OH'2 

12-S3 . 12'6 

2'Oi) 2-2 

1(171 17-1 


lOO'OO . lOO'O =. BaO.CO'l + O^U“C>,CO'' 


TJrethylana. cuPAd,2CO\ 

& PliLifioT (183,')). jijin. O/iim. Phys. .'18, .'>2. 
iVUUiA. Ann. Pharm. 79,110; CntnjU.raid. 32, .'>97; N.J. Pharm. 
, 022; /. 2 )r. Gkeni. ,'13, 120; Phann. GmL IH.'Jl, Oli); Jahresber. 
:.')!, 400. 


iihylwn, luihlmi-Fornumede.r. 


'nmlLonninl Vreparalion. 1. Whnn oxyohhiroMU'bfiniito of mol.liylono 
i) iH (liHHolvod in ai|UooUH luiimoniii, tliiH (■oni]>()im(l crystallizoH out, 
■r with Kal-aminoniac, in (k'li<[uoHooiit luiodlos. (Jlumas & l*(jligot; 
>. OlO.) 

Tlio name ('(iiiniound in forimid when \vood-n])int is saturalod with 
of cyatiio acid, (PNIUP, ovolvod hy lioatiii;? oyannrio acid, 
’0". (Idolii/j; it Wiihlor, vl/za. P/i<inn. Hi, 370; TjaiU'cnt & Ooiduu'dt, 
■)viu/, 22, 4,'17; liiidd^j;, Ann. Pharni. .78, 2(l().) 

A.iind ('him. J’/iyn. 04, 222; also Jnn. Pharm, 23, 2.74; also 
<,'km, 12, 02) iioHHod dry cliloriiio gas tlirmigli slightly hoatod 
[lirit coiitaiiiing oyanido of moroury, and coiidonsod tlio ovolvod 
H ill a (imdod IJ-luho. Ho thoroby olitaiiuid a litinid of sji.gr. 1'27, 
lioilnd at 70'; attackod tho oyos; had tlio odour of chlorido of 
cm and tho tiisto of hydrooyauio aoid; Imriiod with a rod, grooii- 
liimo; was dcoonmosod ia a low days by water, and iinniodiatoly by 
ill. Aiiiift rogards this product as ohloroc.yanido of niothyl-oxicfo 
^0,2C'‘N(3I, hut gives no analysis of it. According to vViirtn’s 
nonts {Cmnpl. rend. 22, ,703) on tho action of chloride of cyanogon 
■lud, tho prodiiets of wliioh urn chlorido of ethyl and nrothano, a 
nalogouH to iirnthylano, it is eoneolvnhlo that AiniO’s liijiiid may 
lixtiiro of .sovoral jirodncts of docoinjiosition, ono of which is 
lane. 

4. When gasoouH ohlorido of cyanogon is passed into wood-spirit 
with wator, no action takes (daeo till the liipiid hoeomos saturatod 
10 gas; hut when (hat jmiut is altaiiuid, tho liijuid begins to boil 
r and hoeoniOH (.urbiil, dc'poniting crystiilH of ohlorido of aninioniuui. 
aratiiig these cryntiils by llllral.ioii and disl.illing tho flltrato, more 
0 of aniiiionium sojiaratos as tho liipiid hfioonies nioro conoontratod; 
hon this is also sepiiratod iiiid tho llltmto again distilled, changing 
e.oivor whon tho boiling point roaohos 140", and collecting apart 
rtioii which distils over hotwonn that toinporaturo and IHO" or lOO", 
d is obtained, which after a whilo doposils orysliuls of nrothyluiio. 
rniation of tliia conipoimd is roprosonlod hy tho o<piiition: 


(;a!l'05 + C=NCl + 2U() « f:Ml“NO< l- HCl 

CiiioiIiUi Ui'ttlhylnno. 

npirli. **f 

('vniitiMnn. 


If 2 
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The production of ammonia is due to the decomposition of the chloride 
of cyanogen by the water present. No evolution of chloride of 
methyl, or simultaneous formation of carbonate of ethyl, was observed. 
(Echevarria.) 

Properties. Urethylane crystallizes in tables derived from an oblique 
rhombic prism; is not deliquescent; melts at 52°,..55°; solidifies at 52° if 
dry, but not till cooled to 50° if the least trace of moisture be present; 
boils at 177°, and volatilizes without decomposition. Vapour-density, 
2'62.— 100 pts. of water at 11 ° dissolve 217 pts. of urethylane; 100 
alcohol at 15° dissolve 73 pts.; in ether it is less soluble. (Echevarria.) 

Eoliovarria. Vol. Density. 

4C. 24 .... 32-00 .... 32-0.5 C-vapour..., 4 .... 1-6G40 

5H. 5 .... 0-07 .... 6-97 Il-gas. 5 .... 0-3405 

N. 14 .... 18-67 N-gns. 1 .... 0-9700 

4 0. 32 .... 42-00 O-gQB. 2 .... 2-2184 

CWAd,2CO’.... 75 .... 100-00 2 .... 5 1995 

1 .... 2-5997 

Decompositions. Urethylane heated with oil of vitriol diluted -witli 
an equal weight of water, is resolved into carbonic acid, wood-spirit, and 
sulphate of ammonia; 

CH'NO-* + HO,SO’ + 2HO = NIHO.SO® + C’H<0» + 2CO'. 

If pure oil of vitriol be used, the liquid blackens,, and gives off sulphurous 
acid mixed with combustible gases.—Potash likewise decomposes uretby- 
lane, with formation of wood-spirit, ammonia, and carbonio acid. If 


Sulphocarbonate of Methyl-oxide. C’I-PO,CS'. 

Cahouks (1845). Compt. rend. 23, 821. 

When iodine is made to act upon a solution of xanthomothylate of 
potash in wood-spirit (in the same manner as Zoiso proceeded with tho 
xanthethylate of potash), iodide of potassium and sulphur soparato out, 
and a gas is evolved consisting chiefly of carbonic acid. On tho addition 
of water, a heavy oil is deposited from the mixture, and from this oil 
sulphur separates. The oil is purified by two rootifioations: 

C’H“KO’,C''S'‘ + I = KI + S’ + CO + C’H»0,CS’. 

Thin, pale-yellow liquid of sp. gr. 1-143 at 15°. Boils at 172°, passing 
over without decomposition. Vapour-donsity = 4'2G6 (honco it is mon- 
atomio). Has a very powerful and persistent odour, somewhat aromatic. 

When set on fire, it burns with a briglit flame, and yields a largo 
quantity of sulphurous acid.—In contact with chlorine gas, which acts 
violently on it even in diffused daylight, it is converted into a crystalline 
bb^, which, by the further action of chlorine, is transformed into a liquid. 
—By alcoholic potash it is resolved into mothylic moroaptan which 
remains in solution, and carbonate of potash which is precipitated 
(Uahours): 

C’H’O.CS’ + KO HO = CHUS’ KO,CO’. 
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According to Cahoura. 


Vol. 

Density. 

3 C. 

IS 

29*51 

C-vnpour... 

3 .. 

. 1-2480 

3 H. 

3 

... 4-»2 

ll-gas . 

3 .. 

. 0-2079 

2 S. 

32 

... 52-40 

S-Vttpo«r... 

i - 

. 2-2180 

0. 

8 

... 13-11 

O-gas . 

4 .. 

. 0-5640 

CHP'O.CS^ 

01 , 

100-00 


1 .. 

. 4-2201 


Xanthomethylic Acid. C’H‘0’,2CS‘. 

Ddmas & PiJLiooT (1840). Ann. Chim. Phys. 74, 13; also Ann. Pharm, 
35, 288j also J. pr, Ghem, 13, 370. 


Methylschwefelkohlensaure, A cide sidfocarhofnethylique. 


Known only iu tlio form of potaaLand limo-salts. 

Potash-salt .—Cryatalllzos from a jnixturo of potash dlsaolvod in 
wood-spii'it and sulphido of carbon, in noodloa haying ii silky luatro. 


KO . 

... 47*'2 . 

. 32-21) .. 

Dumixs & POllgot. 
. 31-42 

4(1 . 

,. 24*0 . 

. 16-42 .. 

. 1(1-54 

:i I T. 

3*0 . 

. 2-05 .. 

. 2-37 

4 S . 

0. 

.. Ol-O . 

8-0 . 

. 43-77 .. 

. 6-47 .. 


CHl»KO'-',2C&'‘ ., 

... 140*2 . 

. 100-00 

KO.CS" 4- Cni»0,C8», 

Lcad-sall, 

PliO. 

X12 «««« 

. 63-08 

Dumiui & Pdllgot. 
. 63-31 

4 C . 


11 'JS 

. 10-92 

3 11. 

3 ... 


. 1-50 

48 . 

04 

. 30-33 


0. 




CHI“Pb0^2CS'' .... 

. 211 ... 

. 100-00 



Sulphocarbonato of Methyl. C’H’SjOS*. 

OAHouns (1840). Compt. rend. 23, 822. 

Scimefolkohlemloff-Schwefel-Formafer, Sul/ocarhonato de au^fure do 
meihyle. 

Obtained by distilling togothor tlio conomitrntod solutions of sulplio- 
niotliylato of limo and snlpTiocarbonato of oiilcinm; washing witli water 
the yellow oil which collects below the watory distillato ; distilling the 
oilj receiving in a separate vessel the liquid which passes over at 200“ 
and constitutes the greater portion; and purifying it by repeated recti¬ 
fication ! 

C=n''iCaO=,2SO-'' + KS.CS’ KO,SO» +' CaO,SO» + cni»a,cs3. 

Yellow oil, of apooilio gravity 1’169 at 18°. Boiling point between 
200“ and 205“. Vepour-donsity 4*062 (hence it is monatomio). Has a 
strong and penetrating odour. 
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Decomposed rapidly by chlorine and bromine, being converted by 
the latter into a red crystalline substance resembling bichromate ot 
potash and composed of C’'H“BrS,CSb _ _ 

It is scarcely soluble in water, but mixes’ in all proportions with 
alcohol and ether. (Cahours.) 

According to Cahours. Vol. Density. 

3C. 18 .... 26‘09 C-vapour.... 3 .... 1’2480 

3 H . 3 .... 4-35 H-gaa . 3 .... 0'2079 

3 S. 48 .... 69‘56 S-vaponr.... .... 3'3279 

CWS,CS®.... 09 .... 100-00 1 .... 4-C838 


Terbasic Borate of Methyl. 3C'H®0,BO“. 

Ebelmen & BouaDET (1846). N. Ann. Ghim. Phys. 17, 59; also J. pr. 

Chem. 38,. 217; abstr. Compt. rend. 22, 368. 

Prittelborsaures Mdhyloxyd, Bor-Formeater A; Protohorate onethy- 
Uque. 

Dry chlorine gas is passed through a red-hot mixture of boraoic acid 
and charcoal, and the resulting mixture of chloride of boron and carbonic 
oxide is passed into anhydrous wood-spirit, -which must bo kept cool, 
because the absorption of the chloride of boron produces heat. As soon 
as a large quantity of hydrochloric acid gas begins to escape from the 
liquid together with the carbonic acid, the colourless borate of methyl 
collects at the top of the brown mixture of wood-spirit and hydrochlorio 
acid. It is decanted and distilled, the portion which passes over when 
the boiling point becomes stationary being collected apart, and the latter 
portion twice rectified to free it from hydrochloric acid.—If the wood- 
spirit is not perfectly anhydrous, the borate of methyl does not separate 
>from the rest of the liquid, but a brown mixture is produced, containing 
a considerable quantity of chloride of boron. This mixture is distilled 
and the distillate collected in a receiver surrounded with ico, where it 
separates into two layers, the upper of which is purified by repeated 
rectification, only that portion of the liquid being collected which passes 
over below 80°. 

Transparent, colourless, very mobile liqnid, of specific gravity 0-9551 
at 0 ; boiling point 72°; vapour-density 3-66. Has a penetrating odour 
somewhat like that of wood-spirit. 

Burns without residue, producing a green flame and white fumes of 
boracio acid. In contact with water, it is soon resolved into wood-spirit 
and boracio acid. 

C-vnpour.... 6 .... 2-4900 

H-gaa. 9 .... 0-6237 

B-vapour... 1 0-7487 

O-gas. 3 .... 3-3279 


3C?H®0,BOA... 103-8 .... 100-00 


6 C . 36-0 .... 34-68 

9 H . 9-0 .... 8'G7 

3 O . 24-0 .... 23-12 

BO> . 34-8 .... 33-53 


2 .... 7-1963 
1 .... 3-5981 












Biborate of Methyl. OTPO, 2 BO>. 

Euelmen (1846). if. Ann. Ckini. Phys. 16, 137] also Ann. Pham. 57, 
327; also J. pr. Ghem. 37, 354. 

ZweifachhoraxBaures Meihyloxyd, Bor-Formesh'v B; PerhoraU me~ 
thyliqiie. 

Equal parts of finely pulvorizctl vitreous boracio acid and anhydrous 
wood-spirit are mixed in a rotort (tho inixturo is attended with considor- 
ahlo rise of tonipcratiiro), and boated to 100'’...,1 10"'. Only a small 
quantity of liquid passes over, and this must bo pourod baok sovoral times 
and again distilled till tho tomporaturo rises to 110”. Tho rosiihio is 
then loft to cool in tho rotort, broken up and digostod lor 24 hours with 
anhydrous other, tho liquid decanted, and the other distilled from it at a 
heal which ultimately I'isos to 200”. Biborato of methyl then remains 
behind. 

Transparent, vitreous mass, which at a moderate boat hociomos soft 
and may bo drawn out into threads; it greatly rosomblos tho corre¬ 
sponding coinjjound of tho othyl sorioa. 

Burns with a boautiful greon llamo.—Water doconiposoH it instantly, 
with great rise of tomporaturo, producing wood-spirit and boraoie acid. 


2 C. 

. 12-0 . 

. 12-y(i 

JChuliiiuii. 

a 11 . 

. 3-0 . 

. 3’24 


o.. 

. 8-0 . 

. H'li'i 


2 BO-'. 

. GO'C . 



C'>11“0,2110". 

. 92-0 . 

. lOO'OO 



Sulpliosoraothylio Acid. C’IP0’,2S0’, 

IfypomlphomethyUo acid, Metliylnnknclmp/eUtinvc (Kolbo); Acidc 
mlfofonni<iue (Laurent); Acide-vieUioU<iue milfnri (Gorhardt). 

Biscevorod and investigated, togothor witii tho thvoo allied olvlori- 
natod aoiils, by H. Kolbo in 1845. {Ann. Pham, 54, 174] comp. 11, 
340, 041.) 

Tho preparation of this acid is so intlniatoly eoniieclod with that 
of throo othova, viz., of tho noid C'’llCPf)'‘,2SO'',—tho acid C'Br-'Cl'''0’‘, 
280'“,—and tho aoid 0''lPCl()'‘,2iS0’, that it will ho most oonvoniout to 
give a coiinoctod description, as Kolbo duos, of tho preparation of those 
four acids. 

Preparation of Terchloro-HHlphnxomelhylic add, G'’C1''JIO'',2SO’ — 
Tho oryatallino compound CSOPO'' (nr donblod, C’S’CT'O*], disoovorod 
by Bor/.olius & Ma.reet (11,, .'I.'}?), is (ligostod nt a gontle hoat will) dilute 
potash, in such projiortion ns to noutralizo tho alkali coinnlotoly (an 
oxeoHS of tho crystalline compound may ho removed by boiling). Tho 
product is tho potash-salt of this aoid, which oiwatallizos on oviiuorating 
and cooling tho solution, whilst tho chlorido of ]iotnHHium proiiueod at 
tho saino tinio, togothor with any sulpliato of potash acoiilontally formod, 
roinains in tlio mother-liquor; 

C=Cl-isaoi + 2KO - C“'Ci»K0-,S’0' -!■ KCl. 
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Tho baryta-salt, C'CPBaO^S'OS may be obtained in a similar manner by 
using barytarwatei-instead of potash; separating the liquid by hitiutiou 
from the sulphate of baryta; evaporating to dryness; exliaiistiiig tJio 
residue with boiling absolute alcohol; filtering to separate chloiicle ox 
barium; ev'aporating the filtrate to the crystallizing point, an le 
leaving it to cool. By dissolving this salt in water,—decomposing it by 
a slight excess of sulphuric acid, —dige.stiti» the filtrate with carbonate ot 
lead to remove this acid completely,—filtering again,—removing the Icart 
by means of sulphuretted hydrogen,—and evaporating,—the crystaliizoa. 
acid is obtained in the separate state (Kolbe); 

C-Cl-Ba0^2S0’ -r HO,SO® = BaO.SO® + C-’Cl®HO-,2SO^. 


PTcpdTcUiou of PichloTO‘^ttlphoso'rtioiltylic acid, — 

1. When zinc is dissolved in the aqueous acid, C^CPHO®,2SO®, clilorido 
of zinc is formed, together with the zinc-salt of this second acid : 

C®C1®H0®,2S03 + 2Zn = C®CHUZii02,2S0® -i- 2nCl. 

Prom this solution, the zinc is precipitated by carbonate of potash; tlio 
filtrate evaporated to dryness; and the residue boiled with 96 per cent, 
alcohol: the solution, as it cools, deposits crystals of the potiish-salt.— 

2. More easily; By boiling Kolbe’s sulphite of protochlnride of carbon 
(II., 339^, C®CBS’0‘ (or, according to Gerhardt, CTdCPS^O^), with potash; 
neutralizing the excess by carbonic acid; evaporating to dryness; iind 
separating the potash-salt from the chloride of potassium by boiling 
spirit, as in 1. For the equations given for this reaction by Kolbe and by Gerlmrdt, 
rid. Seeoudary nucleus C®C1H. 

To purify the potash-salt obtained by 1 or 2 from admixed chloride of 
potassium, it must be recrystullized from the aqueous solution till it no 
longer produces any turbidity in a silver-solution. 

To obtain the acid from the potash-salt, the alcoholic solution of the 
salt is mixed with sulphuric acid; the liquid filtered from tho sulphate of 
potash; evaporated as far as possible without decomposition; and, if 
chloride of potassium be present, till all the hydrochloric acid is driven 
off. The sulphuric acid is tlien precipitated from the filtrate by baryta- 
water added exactly in the right proportion; tho filtrate evaporated as far 
as possible; and the residue exhausted by boiling ether, which loaves 
uitoMolyed any salt that may still be present, and on evaporation loaves 
the aeid^ in the form of a coloured liquid. To decolorize this acid, oxide 
of lead is di^lved in it, tho lead precipitated by sulphuretted hydrogen, 
and the liquid filtered. The colouring matter remains with the sulpliido 
of lead, and the filtrate evaporated in vacuo, leaves the crystallized 
add. •' 


Preparaiimi of Chloro-sulphotormihyliG acid.—C®C1H®0® 2SO® Tho 
aim^ns soludon of the potash-salt of the preceding acid is’mixod with 
snlphunc a«d, and digested with zinc till saturated thereivith. Tho 

from the crystallized ziucate of 
the ^t of the zinc thrown down from it by boiling with car- 
the filtrate evaporated; and the residue pounded and 
per cent, alcohol. On evaporation, the salt C®ClH®KO=,2SO® 

'=<>“!<lerable quantity of unaltered 
C?CPHKCP,2S0». It must therefore he again trekted, as above, with 
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enlpliuric acid and zinc; and on subsequent trontmont with nlcoliol, but 
little of tlio latter salt will remain. To convert this portion likewise, 
tlio aqueous solution of tko residue, noidulatod with a small (quantity of 
sulpluirio acid, is exposed to the action of two oloinonts of Bunsen’s 
zinc-carbon battery (L, 42il),—tho cuiTont being conducted into the 
solution by two ainalganiatod zinc-platos,—till tho ovolntion of hydrogen 
at tho nogativo polo ceases and zino is dopositod upon it. Tho zinc is 
tlion precipitated from tho solution by oarlionnto of potash; tho flltmto 
acidulated with sulphurio acid; again exposed to tho oloctvio current; tho 
Solution again prooipitntod with carboiiato of ])otash; and those operations 
ro))catod throo or four times, till tho wholo of tho salt is converted into 
C'^C1I1^K0^2S0“, tliat is to say, till tho salt, wlicn ignited, no longer 
gives oil' hydrochlorio acid, inasmuch ns this aoid is evolved from 
C»CPI-IK0^2S0“, hut not from C»01H’*KO“,2SOl To nsoertaiu wliothor 
tho conversion is oonvploto, a sanijdo of tho solntii>u is ovaporutod to dry¬ 
ness, and oxhaustod by boiling with absolute alcoliol; the crystals whioli 
separate from tlio alcoholic solution, on cooling, are dried and liciited in a 
tost tube; and tho condoiiHod drojis mixed willi solution of silver. Thcro 
is no method of separulmt/ tlio two salts. The liquid snhjm'.ted to tho 
action of tlio ciirront nui.Ht always contain freo snl)ihnrio iicid; olherwi.so 
tho salt C’’GlH'-KO'k2SO''' will be further converted into C-I l''K()*,2ldt)k— 
As soon as tho salt C’CPIIKO’*,2SO''‘ Ims complotoly ilisappearod, tho 
liquid is treated with carbonato of potash to preciiiilnli) tho zinc; tho lll- 
trato ovaiioraU'd to dryness; tlio rosiiliial iiiiish holhsl with 80 ]ier coiit. 
alccdiol, which loaves holiitui the siilphato of jiolusli mid the groatov part 
of the chloride of potaHsinm; tlio potash iirocinitated from tlio alcoholic 
filtrate hy sulphuric acid in slight oxcess; the (11 truto evaporated till tho 
boiling point rises to l.'Kl ", iui<l all tlio hyilroelilorio acid isoxpolhul; tho 
visoid rosiduo diluted with water; the solution satnraloil with oarlionato 
of load and filtorcd from tho insoliihlo aulpliato of load; and tho filtrate 
frood from load by siilpluirottod hydrogen, again liltorod, and concon- 
trated by eva.|a)ration. Tho rosiduo is tho concoiitratod aiinoous noid, 

C*Clir'U^2SOk 


rrejmnitinn of SnlphomnHfii/lic Acid, C'''IIT.)’,2,S()*.— I. A porfootly 
nontral solution of tho jxitiiHli-siilt <»f llio first acid ((V'’(1PKC)''',2.S0,) is 
treated as above in tho circuit of Buiihoii’h haUovy. Tlio tmnsformation 
takes placo qiilqlly witli great rise of loiiiperataro, no hyilrogon being 
ovolvou at the nogativo polo, till tlio wliido of tho salt is c.oiivortod into 
C»IT>K0^2S0“: 

CWKoa.a.SOH- 1 - ;ui<) I (i /,11 <;31WCO-’.28(P I- UZiiCI ■! .1/n(), 

After an hour’s action of tho hatlory, the liquid liocomos so much 
charged with clihirido of zinc, that zinc is dt'poHited at tlio negative polo. 
The zino is then in'oc.ipiliitod liy carboiiatuor jiotash at n boiling heat; the 
(iltralo ovaporai.od to its former bulk, ami tho ourront again niado to act 
upon it till tho ((iiantity of carboiinto of zino (rosulting from precipitation 
of tho clilorido of zino us it forms by the oxaoss of carbonato of potasli) 
iiie.ioa.soH to siieli an amount, tlint zino is roducocl at tlio nogativo polo. 
Tho Hohition is then again prooipitutod by carbonato of jiotusli, ami tho 
process repeated, ito. No liydrogmi is ovolvod at (ho nogalive polo (ill 
(!4 jiarts of zino (to 100 parts of C’C'1'’KC)’,2S()*) liavo heoii dissolved 
at tlio positive polo. Tho liquid contains, in lulditioii to (PlI’KOViHC)^, 
likowiso C'‘CIIJ’'‘KO’‘,2SO^ and a very largo qiianlity of cliloriilo of polas- 
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slum. It must, therefore, be evaporated to dryness; the residue boiled 
with 80 per cent, alcohol; filtered from the chloride of potassium, which 
for the most part remains undissolved; the alcohol distilled off ; and the 
residue, after being diluted with water and mixed with carbonate of 
potash again subjected to the action of the current till the evolution of 
hydrogen becomes very hrisk. This galvanic decomposition (for 70 
grammes of C=CPK0^2S0’‘) occupies altogether about 10 hours.—2. An 
amalgam of 1 pt. potassium and 100 pts. mercury is iiniiiorsed lu the 
aqueous solution of C^CPK0^2SO^ Great heat is then evolved, and 
C^H®JK0’,2S0® is formed, together with potash and chloride of potassium : 

C2CPKO-,2SO’ + 3HO + 6K = CWK0%2S02 + 3KC1 + 3KO. 

No evolution of hydrogen takes place till the transformation is complete. 
1 pt. of C=CPKO’“,2SO^ requires 1 pt. of potassium; if the quantity of 
potassium be smaller, the salt C^H®KO,2SO^ is mixed with C^CPHKO®,2SO'* 
and C-C1H=K0S2S0®. From the potash-salt yielded by either of these 
methods, the acid C^H^0^2SO’‘ is obtained in the form of a concen¬ 
trated aqueous solution, in the same manner as tlie acid C^ClIi''0*,2SO^. 
(Kolbe.) 

IT 2. This acid is likewise formed by the action of nitric acid on 
Bulpbocyanide of methyl, To obtain it in a state of purity, 

the sulphocyanide is distilled with moderately strong nitric acid, the 
distillate being repeatedly returned into the retort, and, after four or 
five distillations, evaporated to expel the last traces of nitric acid. The 
remaining liquid diluted with water, saturated with carbonate of baryta, 
then filtered and evaporated, yields crystals of sulphosometliylate of 
baryta, which may be purified by redissolving in water, precipitating by 
an excess of absolute alcohol, and rccrystallizing. From this salt the 
acid may be obtained in a state of purity, by precipitating the baryta 
with Bulplmrio acid, filtering, digesting the filtrate with carbonate of 
lead, refiltering, and decomposing the lead-salt with sulphuretted hydro¬ 
gen. (Muspratt.) 

3. By distilling bisulphide of methyl with moderately strong nitric 
acid, and proceeding as above. (Muspratt.)— From his first experiments on 
this subject [Ghem. Soc. Qh. J. I, 45), Muspratt conelmieci tiiat tiie acid tlius obtained 
was a peouliar add, which he caiied Bimlphimethylic acid, contaitiing 1 At. oxygen leas 
than sulphosomethyiic (hyposulphomethylic) add; but from later rescarelios {Chem, 
Soo. Qv, J. 3, 22) he concludes that this opinion was erroneous and that the two acids 
are really identical. K 

Concentrated_ Sulphosomethyiic acid, C“H^O'*,2SO*, forms a thickisli 
inodorous, sour liquid, which does not yield crystals. It is only when 
the solution contains potash that crystals arc deposited, consisting of the 
potash-salt. (Kolbe.) Bears a high temperature without decomposition. 
(Muspratt.) 


2 C. 

According to Kolbe. 

... 12-50 

4 H. 

. 4 


2 S . 



6 0. 


... 50-00 


C»H'‘S“0« . 96 


C?H’,S*0®,HO, i.e., hydrated hyposulphate of methyl ( 
phate of marsh-gas (Laurent, Gerhardt); C’H'O’,280’ 
sulphurous acid. (Gm.) ’ 



; C*H'‘,2SO“, i.e., bisnl- 
At. wood.spirit + 2 At. 
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At 180° tlio acid turns brown and bogius to dooonipoao.—It is not 
roconvortod into C^I‘PC1S’“0° or C“H®0PS°0'’ by exposure to the sun in 
spring. 

Tlio salts of tliis acid (Gorhardt’s Metholates sulfnr6s) are soluble in 
water and crystallizablo. 

Ammonia-salt .—The solution evaporated over oil of vitriol yields 
long deliquescent prisma. 

l‘otaah-salt. — a. With 1 At. Acid. Crystallizes from a liot saturated 
solution iu 9G per cent, alcohol, in long silky (Ibroa, wbioli cause the 
whole liquid to solidify into jolly. After iircssuro between bibulous 
paiior and drying at 100°, the salt is anhydrous. At a rod heat it gives 
oil' carbonic oxide, a stinking, snlphurotted gas, and water, leaving a 
mixture of KS” and charcoal, whereby it is distinguished from the cor¬ 
responding potash-salts, in the acid of whioli H is wholly or partly 
replaced by Cl.—Bcoomoa somewhat moist on exposure to the air, and 
dissolves very readily in water. It is insoluble in cold absolute alcoliol, 
and but slightly soluble in tlie same liquid at a boiling heat. 

h. With 2 At. Acid. Crystallizes readily from a eoncuntratod solution 
of sulphosomothylic acid containing poia.sh, in largo four-sided prisms, 
vvbich redden litmus strongly and doru|nosee in the air. 


WUh 1 Af., Acid, 

nt 100". 

Kolbe. 


‘2 (J . 

... . 12‘() . 

H-'.)4 . 


3 II . 

3*0 . 

•2-2-I . 

l£‘l 

K . 

. 30-2 . 

. 29-21 . 

. 29-1 

2 y . 

. .32-0 . 

. 


c. o . 

. 48-0 . 

. .'h.'?? 



C'-'a-'lv()’,2SO--‘. 

. 131-2 .... 

. ni()-(lt) 


WUh 2 At. Acid, 

at 100". 

Kolbo. 


4 C. 

... 24-0 . 

.. 10'42 .. 

. 10-30 

7 U. 

7-0 . 

a-(14 . 

3-10 

K. 

... 39-2 . 

.... 17'93 . 

. 17-03 

4 H. 

... 01-0 . 

. 27'«f) 


12 0. 

... '.)5-() . 

. 4-71 


(^ir'KO'J,-280^1 

. 230-2 . 

. 109-00 



Baryta-salt ,—Transparent vhombio tables, very muc.h resembling the 
baryta-salt of the aoid C'‘GIII-'()“,2S()’; permanent in (lie air. (Kolbo.)—. 
f Very soluble in water, but ]ireoipitated from tlial solvent iu duo 
needles by absolute alccdiol. and by ordinary spirit of wine. The erystals 
dried over oil of vitriol, and Liion lieatoil to lOO " for two days, give nil 
5‘2.'> per cent. (1 At.J of water. At a liiglicr tnnijiemturo, tlioy are 
doconiposod, giving oil sulpliiirous and sulpliiirie noid, (Muspratt.) 


Dried at 100", Munpratt. 

a. b. 

2C . I2'0 .... 7-ZA .... 7.2.1 

an . 3'0 .... 1-24 .... 1'58 

2 S . 32-0 .... 19-50 .... 19-HO 

t, O . 40-0 .... 26-04 .... 24-05 

l!uO. 70-0 .... 46-82 .... 40-74 .... 40-72 15-97 


Cni»H»0»,2H0« .... 103-0 .... 100-00 .... lOO'OO 

Tlic nnidyHia a wnii tnado with the «nlt olaslnoil by procoBB 2 (p. 29H) from sulplio. 
cyanido of iiielliyl; b, with suit prepared from the tisulplddc (procesa 3j. 1[ 
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Zinc-Mlt .—Zinc dissolves readily, and with strong evolution of hydro¬ 
gen gas in the aqueous acid; the solution yields crystals which contain 
various quantities of water, and redden litmus. 

Lead-salts. — a. Terhasic. — The solution of the salt 6 boiled with 
oxide of lead, filtered, and evaporated in vacuo over oil of vitriol, leaves 
a white, amorphous, saline mass, from the solution of wliich carbonic 
acid throws down carbonate of lead. 


Dried at 100°. 



Kolbe. 

3 PbO . 

330 ... 

. 79-43 

. 80-2 

2 C . 

12 ... 

.... 2-84 ... 

. 2-6 

3 H . 

.3 ... 

. 0-71 ... 

. 0-8 

2 S. 

32 ... 

. 7-56 


5 0. 

40 ... 

. 9-46 


2PbO,C2H'‘Pb02,2S02. 

423 .... 

. 100-00 



6. Monobasic .—Tlie aqueous acid saturated with carbonate of lead, 
yields, when evaporated over oil of vitriol, large prisms, which are per¬ 
manent in the air, redden litmus, have the peculiar sweet taste of load- 
salts, and contain 1 At. water, which they give off at 100°, becoming 
opaque at the same time. 


Dried at 100®. 


Kolbe. 

*11 Muspratt. 





«. IS. 

2 C . 

.... 12 . 

.. 0-03 . 

.. 6-1 


3 H . 

.... 3 . 

1-51 . 

.. 1-6 


Pb. 

.... 104 . 

.. 52-26 . 

.. 51-9 .... 

51-2 .... 62-7 

2 S. 

.... 32 . 

.. 16-03 . 

.. 16-3 


6 0 . 

.... 48 

... 2412 . 

.. -24-1 


cn-PPb0^2SO- 

... 199 . 

.. 100-00 

... 100-0 


Crystallized. 




Muspratt. 




a. 

P- 

2 C . 

12 . 

5-78 . 


. 5-87 

4 H . 

4 . 

1-92 . 


. 2-01 

Pb. 

104 . 

50 00 .. 

. 49-50 

. 50-45 

2 S . 

32 . 

15-38 



7 0 . 

56 . 

26-92 




C^H^Pb0^2Sff| 208 . 100-00 


Or: 


(?H3S30« . 

87 .... 

.... 41-84 

PbO . 

112 .... 

. 53-84 

HO. 

9 .... 

.... 4-32 

Pb0,C«Hi>SiiO5| 
+ Aq.J 

208 ... 

. 100-00 


Muspratt. 

«. p. 

53-39 . 54-33 

4-27 


a. Salt prepared by process 2 (p. 298),- f}. Salt prepared by process 3 
In Muspratt s first memoir (Chem. Soc. Qti. J. 1 , 45 ) the salt ohtameri 

and^’represented by the 
p P-298); but this formula gives: 

f I’bO = 56-00, or Pb = 55-58 per cent., nuSs 

‘ 1.0 
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Copper-mil .—Obtained in very fine orystala by slowly ovaporatinp; 
the aquooas solution. Remarkably soliiblo, (Muspratt.) 

Anhydrous. CiystalHzcd. Muspintt. 


2 C . 

12 , 

QMS 

2 C. 

12 

.. 0-98 .. 

.. G-91 

3 H . 

. 3 . 

.. 2'.3C 

8 II. 

8 

.. -l-Of) . 

.. '1-99 

Cii. 

. 32 . 

2.')-20 

Cu .... 

32 . 

.. 18-00 


2 S . 

. 32 . 

.. 25'20 

2 S. 

32 . 

.. 18-00 


G 0. 

. -18 . 

37-79 

HO .... 

88 

.. .Gl-l? 


Cdl'''Cu02,2S0-! 

, 127 . 

100-00 

+ 5 Aij. 

172 . 

.. 100-00 



Silver-salt .—Crystallizes very readily in anhydrous, trnnsparont, thin 
lamina), whieh redden litmus, have a sweetish, motallio tasto, nud are not 
much altered by exposure to suusliino; their solution is not docomposod 
when evaporated by heat. (Kolbo.) 


Crystallized. 


2 C . 12 

3 11 . .3 

Ag. lOrt 

2 S . 32 

li O . '18 


Cnp'AgO'-,2SO'^ . 2(i:i 


5-91 

luillip. 

.'1-73 

I-IH 

1-0.3 

.GS-IO 

53-25 

]r)-7li 

... 

23-0,5 


.. . 


100-00 



Chloro-sulpliosoxtiotliylic Acid. CHn i po», asO'". 

Chlorelayl- UiUersckwrfckaiiir. (Ivolho) ; A rule sut/<>Jm"mique chlori 
(Laiiroiit); Acidcmidkoli<iue chloroml/nrv ((Jerhardt). 

History, formation, and preparation (pp. 2!)0, 207). 

Thiokish li<iuid, syrupy at 1(1’; Htr(mp;ly uoid; yields no crystals; 
sustains a heat of HO"' without docimipoHitiou. 


According to Kollic. 


2 c;. 

3 U. 

. 3-0 

. 9-20 

. 2-30 

Cl . 

. 35-1 

. 27* IT) 

2 S . 

. 32-0 

. 21-5-1 

0 0. 

. 'IH-O 

. 30-81 

C'JCIU"OJ,2SO’. 

. I3l)-.l 

. 100-01) 


C»lP,Cl,SO“-hnO (Kolbo); C’lI’Cl, 2KO». (Laurent, aovliardt.) 

All tho salts of this acid arn solublo in water, and most of thorn aro 
crystallizahlo. 

Ammoiua-snU .—Tho acpioous solution, ovaporotod over oil of vitriol, 
yields doliipiosocnt ])risuiN. 

i‘ota5/i."SaZt.--CryHtalli7.o8 in noodles from a hot satnmtod solution in 
9G per cent, alcohol, tho liquid thereby boooining semi-solid. Tho neeilliis 
pressed botwoon paper and dried at 100'', aro anbyilrous; at a rod boat, 
they give oft' water and siilithurous aoiil with a traeo of sulphur, and 
loavo chloride of potassium muoh blaokoiiod by ebarcoal: 

C’C1USK0’,2S0S Kt:i -I- 2C i- 2110 i- S.SO’. 
































9. r. . 

. 12-0 

9. vr . 


r,i . 


TC . 

. 39-2 

9 s 

. 32-0 

6 0 . 

. 48-0 


.... 7-12 7-0 

.... 1'18 . 1-2 

.... 21-00 . 21-2 

.... 23-25 23-4 

.... 18-98 18-9 

.... 28-47 28-3 


C2C1112K02,2S0^. 168-6 .... 100-00 . 100-0 

Sodorsalt. —Crystallizes from boiling alcohol of 96 per cent, in needles 
nnited in stellate groups, and deliquescent in the air. 

Baryta-salt .—Small rhombic tables which redden litmus faintly, and 
have a cooling, saline taste. 

Lead-salt. —a. Basic .—The solution of the salt b, boiled with lead- 
oxide, yields an alkaline filtrate which deposits carbonate of lead on 
exposure to the air. 

b. Normal .—The aqueous acid, saturated with carbonate of lead, and 
evaporated over oil of vitriol, yields delicate silky needles, united in 
tufts. After being pressed between paper and dried over oil of vitriol, 
the^ appear dull and opaque, and retain 3-7 per cent. (1 At.) water, 
which escapes at 100^.—The salt dissolves very readily in water, forming 
a solution which reddens litmus and tastes sweet at first, but afterwards 
astringent. 

Dried at 100°. Kolbe. 


2 C. 

... 120 . 

5-14 

4-85 

2 H . 

... 2-0 . 

.. 0-86 

0-95 

Cl . 

... 35-4 . 

.. 15-16 


Pb . 

... 104-0 

.. 44’5G 

44*28 

2 S. 

... 32-0 

.. 13-71 


6 0. 

... 48-0 

.. 20-57 


C?ClU5Pb02,2S02.... 

... 233-4 . 

.. 100-00 



Silver-salt .—The saturated solution of carbonate of silver in the 
aqueous acid evaporated over oil of vitriol in vacuo and in the dark, 
leaves a pale yellow viscid liquid, which with difficulty yields small 
crystals, having a slight acid reaction, a sweetish and disagreeably 
metallic taste, and very sensitive to light and heat. (Kolbe.) 


BicMoro-sulphosomethylic Acid. C’Cl’H'O’®, 2 SO®. 

Chlorformyl-Unterschw^elsdure (Kolbe); Acid sulfoformiqtie bichlord 
(Laurent); Add miiholigue bicMorosulfure (Gerhardt). 

History, formation, and preparation (p. 296). 

Small, colourless prisms, having a very sour taste. They fuse when 
heated. 

According to Kolbe. 


2 C. 

. 12-0 

7-28 

2 H . 

. 2*0 

1 *91 

2C1. 

. 70-8 

. 42-96 

28. 

. 32-0 

. 19-42 

6 0. 

. 48-0 

. 29-13 

(?C1’H“02,230=1. 

. 164-8 

. 100-00 
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Tlio acid sustains without decomposition a temperature of 140°; at a 
stronger heat, it emits dense, white, acid fumes, and leaves a residue of 
cliarcoal. It is not decomposed by nitric acid, aqua-regia, or chromic 
acid.—Zinc dissolves in the aqueous acid, liberating hydrogen gas which 
smells of suliihide of carbon, and forming chloride of zinc, together with 
the two salts; C“Cl“HZnO^ 2SO^ and C‘ClH"ZnOS 2SO^ _ Tho quantity 
of the latter salt is greater as tho evolution of hydrogen is kept up for a 
longer time by continual addition of sulphuric acid; but complete trans¬ 
formation can only bo effected by electric action (p. 297). The mode of 
formation of the latter salt by zinc is expressed by tho following 
equation: 

C=C1=I-P02,2S02 + 2Zn = ZaCl + C2CllPZnOh2SO'>. 

The acid deliquesces in tho air. 

It decomposes solnble metallic chlorides, and with bases it forms salts 
all of which are soluble in water. 

Ammonia-salt .—The acid neutralized with ammonia yields, by spon¬ 
taneous evaporation, transparent and colourless prisms, an inch long and 
permanent in the air. 

Potash-salt.—Preparation (p. 296).—Small, pearly scales which, after 
drying in vacuo over oil of vitriol, are anhydrous. Tho salt is neutral, 
has a slightly saline taste, and is permanent in tho air. When heated 
above 250°, it gives off carbonic oxide, carbonic acid, hydrochloric acid, 
and sulphurous acid, and leaves a residue of chloride of potassium, mixed 
with a small quantity of charcoal: 

C=Cl-HK0h2S02 ~ KCl + C + CO» + HCl + 2303. 

The carbonic oxido is probably formed by the action of the rod-hot 
charcoal in the residue on tho carbonic acid. Tlio salt dissolves in 
water, and in boiling absolute alcohol, but is insolublo in cold absolute 
alcohol. 



Dried in vacuo. 


Kolbe. 

2 C. 

. 12-0 .. 

. 5-91 

5-80 

11 .... 

. 1-0 . 

. 0-49 

0-55 

2 Cl .... 

. 70-8 . 

. 34-88 

35-00 

K. 

. 39-2 . 

. 19-31 

. 19-70 

2 S. 

. 32-0 . 

. 15-7C 

10-00 

6 0. 

. 48-0 . 

. 23-05 

22-89 


CT1C13IC03,2S03.203-0 .... 100-00 . 100-00 


Silver-salt .—Tho aqueous acid noutvalizod with carhonato of silver, 
and evaporated in vacuo over oil of vitriol in perfect darkness, yields 
small, transparent, tolerably colourless crystals, which, after drying in 
vacuo or over tho water-bath, are free from water. Tho salt romains 
undocomposod till boated to 150°, and at higher tcmpoi-aturos is decom¬ 
posed like tho potash-salt. Its aqueous solution is very easily blackened 
by light or heat. (Kolbo.) 


2 C. 

Crystallized. 

4-41 

Kolbe. 

4-5 

H . 

. 1-0 .. 

.. 0-37 

0-5 

2 Cl . 

. 70-8 .. 

.. 20-05 


Ag . 

. 108-0 .. 

.. 39-74 

. 39-3 






















Methylic Sulphate. C^H=0,S0’. 

Dumas & Peligot (183.5). Ann. Ghim. Phys. 58, 32; also Ann. Pharm. 

15, 22. 

Sulphate of Methyl, Sulphate of Methyh-ooAde, Sulphuric Methyl-ether; 
Schwefelsaures Methyloxyd, Schwefel-Formester; Sidfate de methylene. 
Sulfate neulre d’oxyde de methyle. 

Preparation. 1. If 1 part of wood-spirit bo distilled with 8 or 10 
pts. oil of vitriol, keeping the mixture in a state of gentle but constant 
ebullition, the operation may be carried on to the end without boiling 
over. The methylic sulphate, which collects in the form of an oil at the 
bottom of the acid watery distillate, amounts to at least as much !is the 
wood-spirit used. The upper stratum is decanted; the oil agitated with a 
small quantity of water to remove the sulphuric acid; reotilied once over 
chloride of calcium to dry it; then several times over finely pounded 
baryta, which retains the sulphurous acid; and finally placed in vacuo 
over oil of vitriol and hydrate of potash, whereby the wood-spirit and 
any sulphurous acid that may still be present are removed. (Dumas & 
P^ligot.)—2. When vapour of anhydrous sulphuric acid is passed into a 
glass globe filled with gaseous methylic other’, the two gases condenso 
together, with great evolution of heat, and form sulphate of methyl, 
which may be purified from free sulphuric acid by distillation over burnt 
lime, and from a trace of sulphurous acid by placing it in a vacuum for 
24 hours. This is the only known case of the formation of an ether of 
the third from an ether of the first class. (Reguault, Ann. Ghim. Phys. 
66,106; also Ann. Pharm. 27, 11; also J.pr. Chem. 13, 429.) 

Colourless oil of specific gravity 1’324 at 22°, boiling at 188° and 
distilling without decomposition. Vapour-density about 4-565, Idas an 
odour like that of garlic. (Dumas & P^ligot.) 


2C . 

12 .. 

.. 19-05 

Dumas & 
Peligot. 

.... 19-20 

Weidmann 
& Schweizer, 

C-viipour..., 

Vol. 
. 2 . 

Density. 
... 0-8320 

3 H . 

3 .. 

.. 4-76 , 

.... 4-75 


H-gns. 

. 3 . 

... 0-2079 

0 . 

SOS . 

8 .. 
4« .. 

.. 1-2-70 
03-49 


63-64 

S-vapour... 
O-gus . 

. jr ■ 

. 2 . 

... 1-1093 
... 2-2186 

cswo.soa 

63 . 

...100-00 




1 . 

... 4-3678 


Methylic sulphate decomposes slowly in cold water, but quickly and 
with great evolution of heat in boiling water, in wood-spirit, or in sul- 
phomethylio acid (Dumas & Peligot); 

2(C?'HS0,S03) + 2HO = + C2H<0^2S03. 

When this compound is distilled with water, sulphomethylic acid remains 
m the retort; the milky distillate, however, contains no wood-spirit, but 
Dumarnn (= Methol) rises to the top of it in oily drops. (Weidmann & 
Sohweizer, Pogg. 43, 593.) Anhydrous baryta has no action on methylic 
sulphate, but hydrate of baryta or the aqueous solutions of the fixed 
alkalis deooin|)ose it quickly, and with evolution of heat, into wood-spirit 
and an alkaline sulphomethylate. (Dumas & Peligot.) When methylic 
sulphate IS distilled with aqueous potash, sulphomethylate of potash 
xeraams behind, bnt the distillate does not contain woocl-spirit, but oily 
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drops of Dumasin rise to tbe top of it. (Woidmann & SchwoiKor.)— 
h'owig (Pogff. 42, 409) obtained by this distillation, instoad of wood- 
spirit, an ethereal liquid having a sweet, pleasant taste, ami totally 
different from wood-spirit. Wlion dry aniinoniacal gas is passed over 
mothylic sulphate, tbe latter is converted, with evolution of boat, into a 
soft crystalline mass, probably a mixture of sulphainothyhino and nuilo- 
composed methylic sulphate. With aqueous anunoiiia, mothylic suljibiito 
becomes heated so much as to jirojoct the mass out of the voasol, and a 
solution is formed containing sulpbamotbylano, C’HA’’0®,2S0“, and wood- 
spirit. (Dumas & Peligot.) 

2 (C2H»O,SO:0 + NH» = C=II'’K,2SO» + C=ir‘0=. 

Methylio sulphate, heated with the following snbstauoos, yields, by a 
kind of double decomposition, tbo following others of the second and 
third classes: With fused chloride of sodium,; chloride of ntotbyl and 
sulphate of soda: 

CnPO,SO“ + NnOl = C=IPC1 -H NaO.SO". 

Wiih. fluoride of potassium: fluoride of methyl and sulphate of potash.-— 
With the SMfp/uiifos of the nlhali-metals: a liquid rcsoinhling imuTaptan. 
—With cyanide of polnssittm or cyanide of mercury: a liquid eyaiiido ol 
niothyl.—With fonniate of soda: fonniato of methyl: 

Cn-PO.SO'' +■ C-IIKO' = C-lPO,C-’lIO» -I- KO.StP. 

With benzoate of potash: honzoato of methyl. (Dumas &, I’cligot.) 


Sulphomethylic Acid. C“H'‘0“,2SO’. 

Ddmas & Pei/iaoT, Ann. Ghim. Phys. 58, 54, 

Kane. Phil. Mag. J. 7, 307j also J, pr. Chem, 7, 90. 

Methyl-scimefelsciuve, Aoide sulphoviethylique, B'mdphate do mclhyline. 

When 1 part of wood-spirit is mixed witli 2 parts oil of vitriol, tbo 
boat ovolvod is euflicioiit to induco tbo formation of this acidj anil if 
tbo liquid bo then loft to ovaporalo spoiitanoonsly, tbo acid often crystal¬ 
lizes. (Dumas & Peligot.)—The mixture of 1 ]it. wnod-Hpirlt and 2 jits. 
oil of vitriol is diluted with water; slightly supersaturated with havyta, 
and filtered from sulphate of baiyta; tbo filtrate concontratcil in tbo 
wator-bath, whereupon a small additional quantity of suliibato of baryta 
is deposited; and finally, tbo liquid is placed uiulor a boll-jar, togolhor 
with qniok-lime, and left to evaporate at tbo toinporaturo of tlio air till 
tbo baryta-salt crystallizes. Into this salt tbo liquid is con verted oven to 
the lust drop. By dissolving the baryta-salt in water, precipitating Lho 
baryta by adding sulphuric acid in the exact quantity required, and eva¬ 
porating the filtrate in vacuo to tlio oonsistonoo of a syrup, the acid is 
obtained in tbo crystalline form. (Dumas ik Pfdigot.) It may idso lie 
prepared by decomposing the loiul-salt with sulpbnrcttod bytlrogcii. It 
is, however, obtained in the state of greatest purity by leaving a solution 
of mothylic sulphate in boiling water to ovapurato spontanoouHly, 
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White, strongly acid needles. 

The acid decomposes very easily, giving off sulphurous acid in vacuo, 
even at ordinary temperatures. (Dumas & Peligot.) 

It is very soluble in water. 

The Sulphomelkylates are soluble in water. The sulpbomethylates of 
the fixed alkalis, when heated, give off methylic sulidiato,^ CWO,SO^ 
and leave the corresponding alkaline sulphates. (Duiujls & Peligot.) 

Fotask-salt. —Pearl}' laminae. (Dumas & Peligot.)—Deliquescent, rhom¬ 
bic table.?, which give off their 1 At. water in vacuo over oil of vitriol. The 
salt when heated gives off water, methylic sulphate, and sulphurous acid, 
leaving sulphate of potash mixed with charcoal. (Kano.) 

Crystallized. Kane. 


KO. 47-2 .... 29'65 .... 29'51 

2SOS . 80 0 .... 50-25 .... 50-10 

C^IUO -. 23-0 .... 14-45 .... 14-39 

Aq. 9-0 .... 5-65 .... 6-00 


CPH*KCP,2SO« + Aq. 159-2 .... 100-00 .... 100 00 = KO.SO^ + C^I-PO.SO" + Aq. 

= + Aq. 


Baryta-salt. —Colourless, four-sided tables, having a sweet taste. The 
crystals effloresce in the air at ordinary temperatures; but more quickly 
in vacuo, giving off 10-2 per cent. (2 At.) of water. When heated, they 
effloresce with decrepitation, and without fusing; the residue, when more 
strongly heated, gives off water, sulphurous acid, combustible gases, and 
methylic sulphate, leaving sulphate of baryta, blackened by a small 
quantity of charcoal. The salt, when heated in the air, takes fire, and 
leaves white sulphate of baryta. (Dumas & Peligot.) 

Crystallized. Dum, Pdl. Knno. 


BaO . 76-6 .... 38-76 .... 38-1 .... 38-50 

2S08. 80-0 .... 40-49 .... 40-8 .... 40-21 

2C. 12-0 .... 6-07 .... 6-11 

3H ... 3-0 .... 1-52 .... 1-5) .... 11-49 

0 . 8-0 .... 4-05 .... 3-3 J 

2Aq. 18-0 .... 9-11 .... 10-2 .... 9-80 


‘C?H’Ba02,2S0® + Aq.... 197-6 .... 100-00 .... 100-00 .... 100-00 


Lime-salt.—^Anhydrous octohedrons, very deliquescent. (Kano.) 

Crystallized. Kaiio. 

CaO . 28 21-37 . 21-41 

2SO= .. 80 61-07 . 00-25 

. 23 17-56 . 18-34 


(m»a03,2S0s 


100-00 . 100-00 


pximc salt.--Formed by precipitating sulphomethylato of baryta by 
1 At. urMio sulphate, so that the filtrate may not exhibit any turbidity 
mther With sulphuric acd or with a baryta-salt, and leaving it to evapo- 

of sovoi-al months, 
‘leliquescont, and must he dried, first 

fiST aTsoTJr. ChmX 
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UW. 

Dried in vacuo. 

5G'25 

Piilignt. 

55-8 

2SO= ., 

. 80 . 

31'25 .... 

.... 2y-u 

2C . 

. 12 . 

4-09 .... 

4-2 

4 11. 

4 . 

1-5G .... 

I'G 

20. 

. 16 . 

G-25 .... 

S’C) 


C2H3(UW)02 2S0“ + Aq. 55G . lOO'OO . lOO'O 

= U 3 o“,so 2 + cnio,so» + Aq. 

Lead-salt .—Generally crystallizoa in long prlsinaj soiuotimcs also iu 
tallies, tvliioli perliap.9 contain 2 At. water. Easily clceomjiosoil l>y heat 
into sulphate of loa<l and sulphate of methyl. The prisms, when dried 
over oil of vitriol, give off 1 At. water. (Kano.) 


Crystallhed in prisnis. 


Kant'. 

P1)0 . 

. 112 . 

.. 50-00 ... 

. 4y'7G 

2SO= . 

. 80 

35-72 

. 35-03 

CWO . 

. 23 . 

.. 10-27 ... 

0-Hl 

M. 

. 9 . 

4-01 

4-50 

C2II»Pb02,2S0-'' . 

. 224 . 

.. 100-00 

. 100-00 


Sulpliomothylic acid ia much leas soluble in alcohol than in water. 

Besides the baryta-salt above described, thovo exists also auethor 
isomeric with it, and called Isomeric siilphomeihylaic of biiryla, Ac.c.oril- 
ing to Dumas & P61igot (Ann. Ohim. Lhys. 01, 100), this salt is t)btaincd 
by i^assing tho vapour of anhydi’ous sulphuric acid into anliyilrous wood- 
spirit, diluting tho liquid with water, saturating with baryta-water, pre¬ 
cipitating tho excess of baryta bypassing oarbonio acid into tho liquid, 
and leaving the filtrate to evaporate at ordinary toniiioratnros. 

Very long, thin prisms, apparently rhombic. 


DaO,SO“.. 

Dried in vacuo. 

... 04-92 .... 

.... 04-70 

SOa . 

.. 40*0 

2 l >'27 


2C . 


0-08 .... 

fl'96 

3 H. 


1-07 ..„ 

.... 1-76 

0 . 


4-40 


0=lP15aO2,2S0» .. 


. 100-00 



Sulphametliylaue. C^IPAd, 280“. 

Dumas & Pisuigot (1833), Ann. Chim. Phjs. 58, 50; also Aim. I’harm. 
15, 45. 

ScUwefel-Fo mamester. 

Pormod by adding mothylio anlphato to nquooiis ammonia, gradually 
and with amtation, because the solution is attended with groat evolution 
of heat, and leaving tho solution to evaporate to tho crystallizing point in 
yaouo over oil of vitriol (p. 305). 

Largo, transparent and colourless tables, which are oxtronudy chdi- 
qiiosoont, but may bo restored to tho orysLallino form by drying iu vaeuo. 
(Dumas & Pfiligot). 

X 2 














































ProhdblB 

o p 12 . 

,. 10-81 

H . 

5 

4-50 

N . 

.. 14 . 

. 12-61 

2 803. 

. 80 . 

,. 72-08 

C-’H3A(i,2S03 . 

. Ill . 

100-00 


For Laurent’s views of the constitution of this compound vid. Revue scieniif. M, d27 ; 
19. 149. 


Methylic Nitrate. c*H^O,NO“. 

Dumas & Peligot. Arm. Chim. Fhys. 58, 3T (1835); also Ann. Pharm, 
15, 2G. 

Mraie of Methyl, Nitrate of Oxide of Methyl, Nitric Methyl-ether ; 
Salpeteraaures Methyloxyd, Salpeler'-Noknaphtha, Sa^reter-Formester, 
Azotate de meihyline, Nitrate de methylene. 

When nitric acid is heated with wood-spirit, this compound is formed 
in small quantity, and only towards the end of the distillation. 2 parts ot 
pounded nitre are distilled in a capacious retort with a recently prepared 
mixture of 5 pts. wood -spirit and 10 oil of vitriol. As the mixture becomes 
hot, the distillation proceeds without application of heat from without. 
The distillate is collected in a receiver, containing solution of common 
salt and surrounded with a frigorific mixture, and provided •'*' 

tubnlos to convoy the nneondensed gases into tho chimney. The 
methylic nitrate, which sinks to the bottom of the receiver, is separatoa 
mechanically from the supernatant aqueous fluid, and several times J'octi- 
fled in the wator-bath over a mixture of chloride of calcium and oxide of 
lead. But the resulting liquid, which amounts to 0’5 of the wood-spirifc 
used, has not a constant boiling point, 'and is therefore a mixture; it 
begins to boil at 160’, yielding a distillate which smells of hydrocyanic 
amd, and probably, therefore, consists of methylic formiate; it is not till 
the temperature rises to 66’, that methylic nitrate passes over in a state 
of comparative purity. 

Colourless liquid, of sp. gr. 1-182 at 20°; boils at 66°, and yields a 
vapour whose density is 2'640. Has a faint ethereal smell, and is 
perfectly neutral. 


2C .... 



Pumas & 
Peligot. 


Vol. 

Density. 

. 12 

15-58 , 

.... 18-34 

C-vapour 

2 .. 

.. 0-8320 

3H . 

3 

..„ 3-90 , 

... 4-42 

H-gaa. 

. 3 .. 

.. 0-2079 

N ... 

14 

.... 18-18 . 

... 17-53 

N-gas. 

1 .. 

,. 0-9706 

60 . 

48 

.... 62-34 . 

... 59-71 

O-gas. 

3 .. 

.. 3-3279 

OT^O^NCF.... 

77 

.... 100-00 . 

... 100-00 


2 

1 .. 

.. 6-3384 

.. 2-6692 


n£r^ analysis does not agree well with the calculation, Dumas <& 
P«igot MMider U poMible, though not very probable, that the compound 

liquid was contaminated with methylic 
^ iir I H^jNCr, a compound not known in the sep.arate state.! 

Mmylio nitrate, when set on fire, burns fiercely and with a yellow 



















CHLOUOMETIIYLIC FOUMIATE. 


3oy 

ilamo. Its vapour dotonates with tho greatest violonoo at a tompcratiiro 
a littlo below 150“.—On bringing a flaming body to tho apoi'tui'O^ of a 
glass bulb tilled with tho vapour, not only is tho bulb shattered to picuos, 
but likewise a platinum-cruoiblo in wbieh it may bo onclosod, ^ It veil a 
cast iron boiler is burst, when a glas.s flask containing 200 cubic coiiti- 
nietrcs of the vapour is heated to the toniperaturo at which it o.vjflodos. 
Novortlieloss, tho compound may be analyzed in tho ordinary waj/ with 
oxide of copper, the decomposition taking place very quickly, but tyithout 
explosion. The explosion of tho vapour produces wirtov, carbouio aoid 
and uitrogon. [Tlinre is not oxygen enough for tliLs. Gin.] Motliylio nitrate, 
heated with alcoholic potash, is rapidly docoiiijiosod, with separation of 
crystals of nitre. (Dumas & Peligot). 


Methylic Formiate. C=bPO,C“riO®. 

DujfAs & Pkligot (1835), Atm. Chhii. Phys. 58, 48; also Ann, Phcirm. 

5, 35. 

Formirite of ATelhyl, Formiate of Oxide of Methyl, Fonnio Mdhyl- 
ether; Ameisansaurea Meikyloxyd, Amehen-Formeatar; Formiate d'oxydc 
de methyle. 

Equal parts of luothylie sulphate and foriniato of soda aro gently 
heated in a distillatory aiipavatus. A« scon as tho action hogins, tho 
mass becomes spontaneously heated, and inotliylic foriniato passes over in 
a nearly pure stato into tho rocoivor, which should ho well cooled. Tlio 
mothyho foriniato, which aftorwavda passes over at a liiglior toinporatiiro, 
is contaminated with a littlo mctliylio sulphate. Tlio distillrito thus 
ohtaiuod is rcotiflod ovor formiate of soda, and thou oiico by itself in a 
dry retort. In this inauuor, a perfectly puro product is obtained. Tin's 
compound is not obtained by distilling wood-spiidt and foriniato of soda 
with oil of vitriol. 

Transpareirt and colourless liquid, lighter than wator, very volatile, 
and having an otlieroal but vary ploasaiit odour. Vapour dunHity=2'()H4. 
(Dumas & Peligot). Boils botwocii 36“ and 38°; smolls like formlo otiior. 
(Liebig, Chim. org,) 


Dumna & 

I’fcligot. Viib Biiuaily, 

4C . 24 ,... 40-00 .... 40-07 C-vnimur 4 .... )-(it)40 

4II . 4 .... G-07 .... G-8.3 H-giia.... 4. 0-2772 

4 0 . 32 .... &3-33 .... 52-50 O-gua.... 2 .... 2-2180 


CWO,CniO"..., GO .... 100-00 .... 100-00 2 .... 4-1508 

1 .... 2‘079y 


Chloromethylic Formiate. C''ClIPO,C»HO''. 

Dumas & PiiuiooT. Ann. Ghim. Phya. 58, 52 (1806); also Aim. Phann, 
15, 39. 

Ameiaen-Formester, Oxychlorkohlemaurea Melhylm, Oxivhlorocurbonaio 
de melhyldnc. 
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Probable Composition. 


9. C. .. 

. 12 ... 

. 10-81 

fi H . 

. 5 

4-50 

N . 

. 14 ... 

.... 12-61 

2 S03. 

. 80 ... 

. 72-08 

C=1UA<1,2S03 . 

. Ill ... 

. 100-00 


For Laorent's views of the constitution of this compound vid. Iievuescient\f. 14, .'127 ; 
19, 149. 


Methylic Nitrate. C^H’0,N0^ 

Dumas & Peligot. Ann. Chim. Phys. 58, 37 (1835); also Ann. Pharm. 
15, 26. 

NUraU of Methyl, Nitrate of Oxide of Methyl, Nitric Methyl-ether ; 
Salpetersawes Methyloxyd, Salpeler-Holznaphtha, Salpeter - Fornie&ter; 
AioUUe de methyUne, Nitrate de methylene. 


When nitric acid is heated with wood-spirit, this compound is formed 
in small quantity, and only towards the end of the distillation. 2 parts of 
pounded nitre are distillccl in a eapaoious retort with a recently prepared 
mixture of 5 pts. wood -spirit and 10 oil of vitriol. As the mi.xture beooiiiea 
hot, the distillation proceeds without application of heat from without. 
The distillate is collected in a receiver, containing solution of common 
salt and surrounded with a frigorific mixture, and provided witli a 
tuhulus to^ convoy the unoondensed gases into the chimney. The 
methylic nitrate, which sinks to the bottom of the receiver, is separated 
m^hani^lly from the supernatant aqueous fluid, and several times reoti- 
m me water-bath over a mixture of chloride of calcium and oxide of 
But the resulting liquid, which amounts to 0'5 of the wood-spirit 
n^, 1 ^ not a constant boiling point, "and is therefore a mixture; it 
DC^ns to boil at 160 , yielding a distillate which smells of hydrooyanio 
and probably, therefore, consists of methylic formiate; it is not till 
e peratnro nses to 66 °, that methylic nitrate passes over in a state 
of comparative purity, 

20 °; boils at 66 °, and yields a 
» «»• smell,^.nd is 

Dumas & 

2C „„ 12 la.sa Density. 

3H . 3 3.90 C-vapour 2 .... 0'8320 

60 . 48 62-34 sg.n . ^ 

_ /l 0»gQS.. ® 


C«PO,N(y.,.. 77 


Density. 

0-8320 

0-2079 

0-9700 

3-3279 


5-3384 

2-C692 


2^ r 

on are, burns fiercely and with a yellow 
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flame. Its vapour dotouatea witb. the greatest violence at a temperature 
a little below 150°.—On bringing a flaming body to tbo a]) 0 i'tiu' 0 ^ of a 
glass bulb filled with the vapour, not only is the bulb shattered to pieces, 
but likewise a platinum-cnicible in which it maybe onclo.sod. _ Evoii a 
cast iron boiler is burst, when a glass flask containing 200 cubic centi¬ 
metres of the vapour is heated to the temperature at which it explodes. 
Novortbeleas, the coiupouud may be analyzed in the ordinary way with 
oxido of oopiJcr, the decomposition taking place very quickly, hut without 
explosion. Tbo explosion of tho va 2 )Our jn'oduccs water, carbonic aoid 
and nitrogen. [Tliero is not oxygen cnougli for tills. Gin,] Motbyllo ndrato, 
heated with alcoholic jiotash, is rapidly docoinposod, with sopiaration of 
crystals of nitre. (Dumas & P61igot). 


Metliylic Formiate. C’‘I-PO,G“I^O^ 

Duma.s & PiiLiQOT (1835), Ami. CMm. Phy&. 58, 48j also Ann. Pharm. 

5, 35. 

Formiate of Ilethyl, Formiate of Oxide of Alethjl, Formie Ildhyl- 
ether; Ameisensaures Methyloxyd, Anieisen-Formestur; Formiate d'oxyde 
de melhyle. 

Equal parts of inothylic sulphate and foriniato of soda aro gently 
boated in a distillatory airparatus. As soon ns tho action begins, the 
mass becomes spontanoously heated, and motliylio formiate itasses over in 
a nearly ]mre state into tho rccoivor, which should ho woll coelod. Tlio 
mothylio foriniato, which afterwards jiassos over at a higher lomiioratiivo, 
is contaminated with a little mothylio sulphate. Tho distillate thus 
obtained is rcctiflod over formiate of soda, ami thou onco by itself in a 
dry retort. In this maunor, a perfectly pure product is obtainod, This 
compound is not obtainod by distilling wood-Bjiirit and foriniato of soda 
•with oil of vitriol. 

Trausiiarent and colourless liquid, lighter than water, vory volatilo, 
and having an ctheroal but very iiloasaut odour. Vapour don.sity=2'()H'J:. 
(Dumas & Peligot). Boils between 36° and 38°; smolls like formio otlior. 
(Liobig, Chim. org.) 


Dumns & 

I’tligot. Vul, Bmnity. 

4C . 24 40'00 .... 40-C7 C-vapour 4 .... lM)(i40 

4II . 4 .... 0’C7 .... 0-8.1 H-giib..., 4 .... ()'2772 

4 0 . 32 .... 53-33 .... 52-50 O-gia.... 2 „„ 2-2)80 


CWO.OTIO"..., CO .... 100 00 .... 100-00 2 .... 4-1598 

1 .... 2'07D9 


Cliloromethylic Formiate, C'‘01IP0,C“II0-\ 

Dumas & Pulioot. Ann. Ohim. Fhys. 58, 62 (1836); also Ann. Phann. 
15, 89. 

Ameisen-Formesler, Oxyclilorhohlcmcmrea Mdhylcn, Oxichlorocarbonaio 
de meihyldne. 
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Wood'Spirit sprinkled into a bottle filled with pbosgeiie gas is decorn- 
posed in a few seconds, with great evolution of heat, yielding hydrochloric 
acid and cLloroinethylie formiatc; 

Cm*0^ + 2CC10 = HCl + C’H^CIO.CSHQS 

If the wood-spirit contains water, the chloromctliylic formiate partljr 
separates from the still nndecomposed wood-spirit in drops; on the addi¬ 
tion of water, it is completely precipitated in the form of an oil, which 
may be separated from the watery liquid by decantation, and distilled in 
the water-bath over a very large quantity of chloride of calcium and 
oxide of lead. By agitating this distillate with chloride of calcium, the 
last traces of wood-spirit may be removed from it. 

Colourless, very fluid oil, heavier than water, very volatile, and 
having a penetrating odour. 

Burns with a green flame. Dissolves with great evolution of heat in 
aqueous ammonia, producing sal-ammoniac and urothylane, which crystal¬ 
lizes in noodles; 

C2H=C10,C=H02 + 2NH» = NH-'Cl + CUI^NO'* 


4C . 

. 24-0 .. 

. 25-42 

Dumas & Puligot. 
. 25'9 

3 H. 

3-0 .. 

.3-18 

. 3-4 

Cl. 

. 35-4 .. 

. 37-50 

. 30-6 

40. 

. 32-0 .. 

. 33-90 

. 34-1 

C=H2C10.C2H03 . 

. 94-4 .. 

. 100-00 

. 100-0 


MetliylaJ. C=H®0*. 

Malaguti. Ann. Chim. Phys, 70, 390; also Ann. Pkann. 82, 55; also 
iP. pr, Chem. 18, G7. 

To a solution of 120 parts formometbylal in about 176 pts. water, 
hydrate of potash is added by small portions, each addition causing the 
liquid to boil up, and the mcthylal which rises to the surface and forms a 
distinct stratum, is separated from the alkaline solution. 

Tran.spareut and colourless; sp. gr. 0 855 at 18°; boils at 42°; smells 
like formomethylal. yapour-density=2'C25. 

Chlorine gas passed through methylal ants very slowly upon it, causing 
rise of temperature and evolution of hydrochloric acid gas, but not till 
after the lapse of several hours; after a certain interval, however, a violent 
action is set up. The residue left at the end of the reaction is but small 
in quantity, because a largo portion is lost by evaporation; when washed 
with water, which dissolves tho greater portion, it leaves a liquid, which 
in 24 hours becomes filled with crystals, and in four weeks is completely 
converted into sesquichloride of carbon, C*C1°, a large quantity of formic 
acid having passed into the supernatant water: 

C'HSQ'' -I- 12C1 = 6HC1 + 4- C'Cl®. 

[In this change, a compound of the methylene-series appears to he con¬ 
verted into a compound belonging to the ethylene series.] 

Methylal, gently heated with moderately dilute nitric acid, gives off 
nitric oxide gas, and yields a large quantity of formic acid, but neither 
carbonic acid, carbonic oxide, nor wood-spirit. It acts in a similar 


















C«I-FO' +100 = 3C=>H50' + 2110. 

1 vol. motliylal dissolves in 3 vol. waiter, and may bo sopavatod thoi'o- 
from by saturating the water with potash.—It dissolves in alcohol aud 
ether. (Malaguti.) 

MalnguU. Vol. Density. 

n r\\ ftrt n.i r\/-J A 


GC. 

3G ... 

. 47-37 . 

... 47-80 

C-vapour.... 

(i . 

... 2-49G0 

8 II. 

8 ... 

. 10-53 . 

... 10-53 

H-gas . 

8 . 

... 0-5544 

40. 

32 ... 

. 42-10 . 

... 41-61 

0-gas . 

2 . 

... 2-2186 

Metliylal,... 

76 ..„ 

, 100-00 . 

... 100-00 


2 . 

... 5-2(100 


1 .... 2-(i;i'i5 


[Mothylal is perliaps a copulated compound of a liighor order, com¬ 
posed namely of 1 At. mothylic formiato with 4 At. wood-spirit, mimis 
.4 At. HO: 

C'lI 'O' -I- 4C=11'0- - 4110 = C'^H'OOS. 

According to this formul.a, its vapour will bo, not ,}-atomic, Hko that of 
C“I-PO'‘, but vj-atomic, just as sal-aminoniae vapour, which is {-atomic, is 
fornred by tho union of hydrochloric acid and amiuoiiiiical gancs, both of 
which arc {-atomic. Gnr.] 

According to Liobig {Chim. org.), mcthylal=2McO'|-roO-|-Aq = 
2C^IP,0-|-2C'*H,0-t-HO.—According to Rcgnault, it is formod by tho 
union of 3 At. mothyl-otbor, which havo taken up 20 aud given off 
IHO: 

aenFo -I- 20 - no = c“ifo'. 


Formomethylal. C“i-r“0“, 

Kane. Phil. Mag. J. 10, 116; aho Ann. Phann. 10, 175. 

Dumas. Ann. Phai-tn. 27, 135. 

Malaquti. Ann. Ghim. Phy». TO, 300; also Ann. Pharm. 32, 55; also 
J. pr. Chem. 18, 67. 

Formdl .—First noticed by Gregory, but more complotoly examinod 
by Kano, Dumas, and Malaguti. 

A mixture of 3 pta. oil of vitriol aud 8 wator is added, after cooling, 
to 2 pts. of black oxide of manganoso and 2 pis. wood-spirit contained in 
a capacious retort; and tho inixturo gently heated in tho water-bath till it 
begins to froth up, but no longer, because tho heat produced by tho 
reaction of tho materials is sufficient for tho distillation; towards tho ond 
of the operation, however, tho heat should bo raised to 100°. Tho dis¬ 
tillate, which contains formoraothylal, wood-spirit, aldohydo, and a small 
quantity of lignono, is rectified in tho wator-bath, tho boiling ])oint 
gradually rising from 40^ to 80^; and only that portion is colloctcd which 
distils over at tcmporaturcs not abovo 60°. The distillate thus obtained 
consists of formomethylal mixed with a small quantity of aldc'hydo. (Kano.) 
[Tlie further purification is not describefi.^ 

Transparent, colourlos,s, mobile liquid. Boils at 38" (Kano); at 
39'5°...40'5° (Malaguti). Vn.pour-dcnsity = 2‘40725 (Kano); = 2'515 








(Dumas). 

(Malaguti.) 

8C. 

10 H. 

C O. 


Has a pleasant aromatic odour, like that of acetic ether. 




Kane. 

Dumas. 

Malagut). 

48 ... 

. 45*28 ... 

. 45-84 ... 

. 46-27 ... 

. 45-54 

10 ... 

. 9-44 ... 

. 9-38 ... 

. 9-43 ... 

. 9-58 

48 ... 

. 45-28 ... 

. 44*78 ... 

. 44-30 ... 

. 44-88 

106 .... 

. 100-00 ... 

. 100-00 ... 

. 100-00 ... 

. 100-00 



Vol. 

Density. 

C-vapour. 


3-3279 


. 10 

0-6930 

r> cTflQ . 

. 

3-3279 



3 

7-3488 


1 

2-4496 


Kane is of opinion that the body which be analyzed still contained 
aldehy<le, and therefore gave too much carbon. The vapour of this 
compound appears to be ^-atomic, a circumstance of rare occurrence. 

Formometliylal mixes with water in all proportions (Kane); 100 
measures of it require 170 measures of water to dissolve them. 
(Malaguti.) 

Chlorine yields with formometliylal an oll ;7 product, which is rapidly 
decomposed by water, with production of formic acid. (Dumas.)—Formo- 
metliylal is decomposed by potash, yielding wood-spirit and formiate of 
potash. (Kane, Dumas.)—When 100 pts. formometliylal are mixed with 
alcohol; hydrate of potash* gradually added in quantity sufficient to 
saturate the alcohol; the mixture left to itself for 5 days, then freed from 
alcohol by distillation, and mixed with ammonio-nitrate of silver; a 
quantity of metallic silver is precipitated, from which it maybe calculated 
that only 18 pts. of formic acid, CTPO*, have been produced. Now, if 
formometliylal were constituted as Dumas supposes {vid. inf.), the 
amount of formic acid should be 43'4 per cent, (Malaguti.)—A solution 
of 100 measures of forraomethylal in 17G measures of water gradually 
mixed with pieces of hydrate of potash, each addition causing the liquid 
to boil up, is resolved, after complete decomposition, into 70 measures of 
of methylal, which rise to the top, and a watory, alka.line layer, containing 
formic acid and wood-spirit. 

Hence it appears that forraomethylal is a mere mixture of methylal and 
methylio formiate, which latter is alone decomposed by the potash. The 
same result is apparent on distilling formometliylal with a thermometer. 
The distillate, which passes over when the temperature rises to 37°, contains 
43’24 per cent, of carbon, and is therefore comparatively rich in methylio 
formiate; but that which ultimately goes over at 40° contains 40 (>4 C and 
9’74 H, and is therefore richer in methylal. (Malaguti.) 

According to Kane, forraomethylal is a compound of 1 At. methylio 
ether and 1 At. methyl-aldide, C*IPO’ (a compound not known in the 
separate state); according to Dumas, it is a compound of 3 At. methylene 
with 3 At. water and 1 At. hypothetically anhydrous formic acid,—or, what 
comes to the same thing, it is, according to Liebig’s earlier view {Pogg. 
40, 296), a compound of 3 At, methyl-ether and 1 At. hypothetically 
anhy^ous formic acid. Lastly, according to Malaguti, it is a loosely 
combined mixture of 2 At. methylal with 1 At. methylio formiate, 
which latter is decomposed when the mixture is treated with potash. 
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These several views are exhibited in the following table: 


According to Kane. 

C II 0 

1 At. Mothyl-etlier.... 2 3 1 
1 At. Metliyl-aldide 2 2 2 


According to Dnnias. 

C 11 O 

3 At. Methylene 6 (1 

3 At. HO . 3 3 

1 At.PormicAcid 2 13 


According to 


2 At. Metliylnl 
1 At. Metliylici 
formiate ....J 


Mulaguti. 
a H O 
12 IG 8 

I 4 4 4 


Formoinetliylal . 4 5 3 8 10 6 IG 20 12 

[It may also bo a copulated compound of 1 At. methylio formiato and 
2 At. wood-spirit, minus 2 HO: 

C'tl‘0' + - 2110 = 


When 2 At. of this compound aro acted upon by potash, only 1 At. of the 
methylic formiato is docomposod, and the motbylal remains: C“rH“0‘“— 


IT Methylamine. CWN=CHP,I-PN= H N. 

CH-pJ 

WuRTZ (1849). Qortift. rend. 28, 223, and 323, 20, lG9j Tnstit, 1849, 
100, 2.07j Gompies mensueh. 1849,120; J.pr. Chem. 47, 34.G; Pharni, 
Centr. 1849, 204; C'/tm. Gaz. 1849, 115; Ann. Pliarm. 71,030; /. pr. 
Chem. 48, 238; Ohem. Soc. Qu. J. 3, 00.— Jahresber. 1849, 394.—■ 
More fully: N. Ann. Chim. PUys. 30, 443; J. pr. Chem. 52, 193; 
abstr. Ann. Pharm. 76, 317; Plifcren. Centr. 1851, 106, 177 ; 
Jahresber. 1850, 443. 

Methylamide, Methyl-ammonia, Methamine, Methyliaque. —Occurs in 
the oleum animale Dippelii. (Anderson.) 

Formation. 1. By tho action of potash on oyanato or oyanurato 
of methyl (Wurtz): 

C2N0,C2H'''0 + 2(KO,HO) = 2(ICO,CO=) + CniW. 

2. By tho action of potash on methyl-urea, C'‘I-PN’0^ (Wurtz): 

CIPN^O^ + 2(KO,lIO) = 2(KO,C05) + NIH + CnPN. 

3. Iodide of mothylammoniinn, IP(C’IP)N,I, or hydriodato of motby- 
lamino, IP(CH-P)N,HI, is formed, among other products, by tho action of 
ammonia on iodide of methyl. (Hofinaim, Chem. Foe. Qu. J, 4, 320.)— 

4. By the action of caustic alkalis or of chlorine on various natural alka¬ 
loids : a. Morphine heated to 200° with hydrate of potash yields a dis¬ 
tillate containing methylamine. (Werthoim, Ann. Pharm. 73, 210; Chem. 
Oaz. 1850, 142.)— b. Tho distillate obtained by boating Codeine to 
120°...175° with hydrate of potash contains mothyhunlno, togolbor with 
ammonia and other basic products.—c. Hydrochlorato of mothylamino 
is formed by tho action of chlorine on Theobromine. (Rochlodor & Illasi- 
wotz, Wie?i. Acad. Per. Miirz, 266; Jahresber. 1850, 437.)—(7 Also, 
together with a variety of other products, by tho action of chlorino on 
Caffeine, (Rochlodcr, Ann. Phai-m. 69, 120; Wieti. Acad. Per. 1849, 
Feb. 93; N. J. Pharm. 17,74; Jahresber. 1849, 383; also IFwn. Acad. Per. 
1850, Juli, 96; Chem. Oaz. 1851, 102; Jahresber. 1850, 434; Wurfcz, 
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N. J. Pharm. 17, 76; Jaliresher. 1849, 384; Com.'pt. rend. 30, 9.)— 
Rochleder at first supposed that the base thus obtained was composed of 
C’H*N, and gave it the name of Formyline. VVurtz, howover, sIio\ved that 
it was really motliyianiino; and Rochleder, on repeating his experiments, 
came to the same conclusion. 


Preparation. Similar to tliat of ammonia. Plydroohlorate of mothy- 
kminc (p. 317), perfectly dried, is mixed with twice its weight of quick¬ 
lime, and tiio mixture introduced into a long tube closed at one end, in 
such quantity as to half fill it, the other half being filled with fragments 
of hydrate of potash. From this tube a gas-delivery tube passes to tlio 
mercurial trough. On applying a gentle heat to the tube, beginning at 
the closed end, the gas is disengaged and may be collected over the 
mercury. (Wurtz.) 


Properties. Colourless gas, having a strong amnionincal odour. Like 
ammonia, it turns reddened litmus-paper blue; fumes strongly with 
hydrochloric acid; combines with its own volume of that gas and with half 
its volume of carbonic acid gas; is rapidly absorbed by water, and also 
by charcoal. It is distinguished from ammonia by taking fire wlien 
brought in contact with a lighted taper; it then burns with a yellowish 
flame, producing water, carbonic acid, and nitrogen, mixed, if tho com¬ 
bustion bo incomplete, with cyanogen and hydrocyanic acid.—Sp. gr. 1‘13 
at 25°, and 1‘08 at 43°. When cooled a few degrees below 0°, it con¬ 
denses to a very mobile liquid, which does not solidify in a mixture of 
solid carbonic acid and ether. (VVurtz). 




• 


Vol. 

Density. 

2 C. 

. 12 . 

... 38-71 

C-vapour. 

. 2 .. 

. 0-8320 

5 H. 

. 5 . 

... IG‘13 


. 6 .. 

, 0-3465 

N. 

. 14 . 

... 45-16 


. 1 .. 

. 0-9706 





C?H‘N ... 

. 31 . 

... 100-00 


2 .. 

. 2-1491 





1 

1-0745 


May be regarded; (1) as C*H’N,H“, i.e., as a compound of 2H with a 
nucleus (CT1‘) in which IH is replaced by IN (a, p. 186);—(2) as 
C^H’Ad, i.e., as the same nucleus in which IH is replaced by lAd 
(b, p. 186);—(3) as C^H^NH®, i. e., as ammonia coupled with inothyleno 
(c, p. 186), which is the view adopted by Dumas, {Compl. rend. 29, 303); 

N, i. e., as ammonia in which 1 At. H is replaced 


H 

(4) or finally, as H 


by 1 At. methyl— CW (Wurtz, Hofmann). Compare pp. 16, 17, and 
186. 


Decompositions. 1. Methylamine passed through a rod-hot porcelain 
fragments of porcelain, is completely decomposed into 
&ee hydrogen, marsh-gas, ammonia, and hydrocyanic acid : 

3OTPN - + C^NH + + 6H. 

If the gaseous mixture, as it issues from the tube, be passed through 
w^r, aud then collected m jars over merenry, the water acqnkes an 
^kahne re^tmn, and is found to contain hydrocyanata of ammonia; and 

measures, of 13-77 vol. hydrocyanic 
acid, 7108 hydrogen, and 14-37 marsh.gas.-2. Four vol. methylamine 
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exploded with 9 vol. oxyg'on produce 4 vol. carboiiio acid and 2 vol, 
nitrogen. Now 4 vol, CO“ contain 4 vol. 0; liouco vol. 0 nuiHt liavo 
boon consuniod in binning tho hydrogen, which mufit thoreforo amount 
to 10 vol.j inoroovor, 4 vol. CO* contain 4 vol. carbon-vapiiur (II., 
conscn[nontly 4 vol. niothylainino-gna contain 4 vol. C, 10 vol. II, and 
2 vol, N,—or 2 vol. inothylaniino contain 2 vol. C, fill, and I Nj niul 
as all tlioso gaaos arc monatoinio (I., fi3), it followH also that tho nuinbors 
of atoms of C, 11, and N, are to ono another a.M 2 : .fi ; J. Kimeo, if tlio 
gas itself bo diatomic, its formula innst bo C*IPN, To obtain comjduto 
combustion, it is noeosaary to mix tho gas with 3 tinies its vidiimo ol dry 
oxygon, and to add to tho mixturo, according to llognanlt’H rec.oninienda- 
tion, a certain quantity of detonating gas, derived from tho olectrolyHiH of 
water, also porfoctly dry. (Wurtz, A’^. Ann. Okivi. /‘Iii/s, .'HI, 4fil.).— 
8. Potassium heated in tho gas docomposos it completely, yielding fruo 
hydrogen and oyanido of jiotjussium: 

C-n'‘N + K C-NK I- .'-.It, 

31'.fi vol, mcthylamino yielding HP.'i vol. [niro hydrogen, nnmberH wliieh 
are nearly in tlio ratio of 2 : fi. Thoaotion, however, ii.xliibilH tivo sliigoH. 
At first, while tho heat is modorato, tlio vidnme of gas inci'ciiKeM but little, 
and tho residue probably contaiim C*(IIHv)N, ii compound luialogouH to 
amide of jiota.ssinm; and this at a higher teinperiilnro i.s ri'sidved into 
hydrogen and cyanide of jiotiissinm, tho latter ileeomjiosilion being accoiii" 
paniod by tho comsidorable iucroa.soin volume which in obnerved, (Wurtz.) 

Comlinaiifim, —yliyiiftows jSVi/wtioji.- Methyliunino is Iho nioMt Molnbly 
in water of all known gasoH. Walor at 2fi" absorbs !),''i!i tiinoH, iiinl at 
12'fi“, llfiO times its volmuo of tho gns,—Tho solution i.s prepared by 
distilling cyamirato of nietbyl with potasli-loy, (p. 818). 'I'liti liquids nro 
heated together in a.fiaalc surniomitod hy a worm-tube, which servcfl to 
comlonso tho aquoous vapour, and soparalo it from tlio gaseous melhyla- 
minoj tho gas tlicn jiasscs over into nrccoivor containing a smnll qimiitity 
of puro water. Tho complete dccoinposilion of the cyanuralo of iiiotliyl 
is a very long operation. It may, however, he aeeidorated by nroviously 
fusing tbo otlior with solid liydrato of potawb nuiistoned •willi a amall 
quantity of water. 

The solution Inis tbo jinwcrfiil odour of tbo gas, ami is exti'enicly 
canstioj it gives oil' tbo ga.s wlum boilod. It is detemiposod by iodino, 
broinino, and ohlorino. Iodino added to it, notin oxeess, I'ornm bydrio- 
date of motbylamine wliicb dissidves, and DiniiHlumetliiilntidni', CTlPr''jN, 
which remains umli.ssolvod; 

tlCnt'N + 41 - (;=(U“P)N -h 2 (C-U'N.IIl). 

Bromine and ehlorino appear to ucl; In a similar manner. 

Tho action of aquoous inothylaniino on uustaUlo salts is, for tbo iiuist 
part, similar to that of ammonia. The salts of niagiie.Hia, nmnganemq 
iron, bismuth, chromium, nraniuni, and tin, aro iir('ei]iitnled by mclliyla- 
mino in tho same tnatinor as by ammonia. Willi zinc Malls, mclbylaiiiiiio 
forms a white proeipitatn, soliiblo in a largo oxcosh of Ibo reagent. Willi 
eo 2 iper-.s.altH, a liluisb wliito jiroeijiilale, easily solnblo in excesK, and 
forming a (Iciqi bliio Holiitinn. With cadniium-sallM, awhile |iieeipiiii|e, 
insoluble in (oxee.ss. AVitb nielcel and colialt salts, also, it rnriiu. pre 
cipitatos insolnblo in oxci'.hh, TlioHn last tlireo reacliomi dill'er from 
those produced by ammonia. Aeolato of lead is hi'iirccly cbmtU'd by 



metliylamine, but the nitrate is completely precipitated. With mercurous 
salts, tnetliylaniine, like ammonia, forms a black precipitate;—with 
corrosive sublimate, a white, flocculent precipitate, insoluble in excess.— 
Nitrate of silver is completely precipitated, by niethylamine; and 
the oxide, whether precipitated by the alkaloid itself or by potash, 
dissolve.s readily in excess of the former. The solution, abandoned to 
spontaneous evaporation, deposits a black substance, which contains car¬ 
bon, hydrogen, nitrogen, and silver, and is probably the analogue of 
fulminating silver; but does not explode cither by heat or by percussion. 
Chloride of silver is also dissolved by aqueous metliylamine. With ter- 
chloride of gold, metliylamine forms a brownish yellow precipitate, which 
dissolves readily in an excess of the precipitant, forming an orange-red 
solution. A concentrated solution of bichloride of platinum forms, with 
metliylamine, a crystalline deposit, consisting of chloroplatinate of nie¬ 
thylamine, in the form of orange-yellow scales. The formation of this 
precipitate is prevented, even by slight dilution. (Wurtz.) 


Carlmate of Methjlamine .—Gaseous niethylamine unites with half its 
volume of carbonic acid gas, forming a white solid body, analogous to tlio 
anhydrous carbonate of ammonia (II., 430, a ).—The salt is prepared by 
distilling the fused hydrochlorate with carbonate of lime. The product 
of the distillation is a very thick liquid, having a quantity of solid matter 
in the middle: the liquid is a highly concentrated solution of carbonate of 
niethylamine; the solid is the anhydrous carbonate. On gently boating 
the contents of the receiver, the anhydrous carbonate partly dissolves and 
partly volatilizes. The liquid portion, as it cools, deposits crystals of the 
hydrated salt, which is highly deliquescent, and volatilizes even at ordi¬ 
nary temperatures. It is, however, very difficult to obtain oitlior tlio 
anhydrous or the hydrated salt in a state of purity. Tho substanco 
analyzed by Wurtz appears to have been a mixture of the two. 


Anhydrous. Wurtz. Hydrated. 


3C . 

18 . 

.. 33'96 .. 

. 30-8 

32-1 

3 C. 

18 .. 

.. 29-03 

6 H. 

5 . 

.. 9'43 .. 

. 9-4 

9-6 

C H . 

G .. 

9*07 

N. 

14 . 

,. 26'43 



N. 

M .. 

.. 38‘71 

2 0 . 

16 .. 

.. 30-18 



3 0 . 

24 .. 

. 22-59 

C»H»N,C02 

53 

. 100-00 



CTPNiCO^lI 

62 

. 100-00 


The so-called anhydrous carbonate is analogous to the compound which Rose calls 
carbonate of ammon. (II. 430.) 


Sulphate.-Yory soluble in water; insoluble in alcohol; doos not 

metbyl-urea, 

^ydrtod«te.-CjH«N,HI.-Obtained by the action of iodino on me- 
%lamme dissolved m water (p. 315); also by saturating the solution 
^th hydnodic ac.d,-Colonrless plates, which tLrn brown on expZro to 

ATydroiromafe.—Obtained by the action of bmmmn 4 U 

vo,/..irtifri‘rd i. lot, ‘’s 

the alcoholic solution it crystallizes in large, brilliant nhtos whioT, h 
an unctuous aspect, and are very deliquescent. (Wurtz^ ’ 











METHYLAMINE. 


CTFN.lIBr . 112 lOO-OO 

Ilydroclilorale .—Gaseoua inofcliylamiiio unitoEi witli ita own volume of 
liydroohloric acid gaa, forming a wliito, solid salt, wldcli adliorcs like siil- 
aininoniao to tlio sides of tlio voaaol.—The salt is projiavod by saturating 
aquoons motliylainino with bydroeldorio acid, and evaporating to dryness. 
Tlio rosiduo diasolvos easily in boiling alcohol, and orystalliy.oa on cooling 
in fine, largo laiuinm, which, at the inoinoiit of their formation, appear 
iridosoont by rollootod light, Dolicpioscout; does not fttso till heated 
above lOO". Hoatod in an open voaaol to a very high tumporatiiro, it 
volatilizes in very dense vnjiours, which coiulonso in a white powder on 
the surfaco of cold bodies. (VVurtz.) 


Cni''N,llCl 


li7'4 .... lOO-OO 


When a solution of this salt, oitbov in walor nr in alcohol, is treated 
with amalgam of ))otaasium, hydrogen is evolved, and the liquid becomes 
alkaline. Wurtz has uot^ot sucooodod in obtaining by this rcaetioii an 
amalgam of motKylainmouuuu corresponding to tlio aiimonincal amalynm 
(I., i57). Neither is such a ooinpouml produced by )>la.oing mercury in a 
cavity in a lump of liydrochlorato of motliylamino, and connooting it with 
the voltaic battery, (wurtz.) 

Mtmte .—Formed by saturating aqueous motliylamino with iiitrio acid. 
Tlio solution, wlion evaporated, yields bountiful, right rlicinbohlal jirlsiim, 
very much elongated, and olosoly resombling tlio cryHlals of nitiuto of 
annnonia. They are doli(|iio.sooiit, and dissolve very readily in water nnd 
alcohol. Tlioy aro doconiiiosod by distillation, yioldlng giisooiiH iirodiiots, 
and drops of an oily liquiil, insolublo in water. (Wurtz.) 


CSIPN.MO.NO",, 


.... 100-00 


Chloromercurale of Methylamine. —CTi'N, HCl,HgGI. — .Formed by 
evaporating a mixture of 1 At, liydrochlorato of motliylamino a,nd 1 At. 
corrosivo sublimato. Tlio solution, when liiglily oouoontratod, yields 
bulky crystals of tlio double salt. (Wurtz.) 

Ghloro-aurate .—On mixing a solution of liydrochlorato of motliylamino 
with a solution of chloride of gold, no prooipitato is Coniiod; hut ou ova- 
porating till the liquid bocomos very coiioontratod and thou leaving it to 











cool, the double salt is obtaiuecl in splendid golden-yellow needles, wldol*- 
are soluble in water, alcohol, and ether. (Wuvtz.) 


2 C . 

.... 12-0 . 

.. 3-22 

Wurtz. 

3-03 

6 H . 

.... e -0 . 

.. 1-01 

1-00 

4 Cl. 

.... 141-6 . 

.. 38-00 

. 37-82 

Au. 

.... 199-0 . 

.. 53-41 


N . 

.... 14-0 . 

.. 3-70 


C’PPN.HCl.AuCP 

.... 372-6 . 

.. 100-00 



CMoroplatinate. —Beautiful golden-yellow scales, which are soluble in 
boiling water and rocrystallize on cooling. Insoluble in alcohol. Wlien 
heated they blacken, emitting very copious fumes, and leaving a residue 
of platinum mixed with ebaveoal, which burns in the air. (Wurtz.) 


2 C . 


.. 5-06 

Wui-tz. 

5-15 

OH . 

. 6-0 . 

.. 2-53 

2-05 

3 Cl . 

. 106-2 . 

.. 44-87 

.... 44-45 

Pt . 


.. 41-04 

. 41-37 

N . 

. 14-0 . 

.. 5-90 



Cm'N.HCl.PtCP . 237-2 .... 100-00 

Compounds of Methylamine with Protodiloride of Plallnum .— 
a. 2(PlCl,C“H“N) = 20»H=N,PtCl-hPtCl.—When protochlorido of pla¬ 
tinum, suspended in a small quantity of water, is treated with a concen¬ 
trated solution of methylamine, heat is evolved, and the olive-brown 
compound is converted into a chrome-green powder. (Wurtz.) 


4 C . 


. 7-20 

Wurtz. 

10 H . 


. 3-02 


2 Pt. 

. 198-0 .. 

. 59-87 

. 59-75 

2 Cl . 


, 21-39 


2 N . 


. 8-40 



2(PtCl,C2H5N). 330-8 .... 100-00 


Analogous to Magnus’s green compound, 2NH’, PtCl -1- PtCl: —- May 
also bo regarded, according to Gerhardt’s nomonclaturo and formula), as 
Chloroplatinaie of Diplatoso-methylamine, PtCPH,N’(C‘H“)Pt {vid. VI., 
304.) 

b. C'‘H'’PtN*,HCl = 2(CPH'N),PtCl.—When the compound a is intro¬ 
duced, together with an excess of -methylamine, into a small, narrow¬ 
necked flask, the flask sealed, and then heated for a while in the wator- 
bath, the precipitate gradually dissolves, and at the end of the proocss, 
there remains nothing but a small quantity of a black insoluble powder. 
The point of the flask is then broken, the excess of methylamine distilled 
oflf by heat, and the remaining limiid filtered. The nearly colourless 
solution thus obtained is evaporated to a syrupy consistence, and ulti¬ 
mately solidifies in a crystalline mass. The crystals are separated from 
the adhering mother-liquor by pressure between paper, then purified by 
several crystallizations from water, and finally from alcohol, in which 
they dissolve less readily than in water. (Wurtz.) 
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Wuvtz. 


4 C . 


., 12'22 

.... 12-.‘i2 

10 II . 

...., 10-n 

.. 009 

5-11 

rt. 


., 50-41 

.... 50-00 

Cl . 

. 35'.1 . 

.. 18-02 


2 N . 


.. 14-28 


2(C=lPN),l’tCl . 

. l!)0-.l . 

... 100-00 



Tliis compound is analogous to Roisot’s first chloride, 2NIP,rtCl (VI., 
300).—According to Gorliardt’a notation, it nia-y ho rogiirdod a.s the Jly- 
drocMorata of JJiplcUoso-melliijlamine^ N“(C'IP)l’t, IICl.—Wurtz’s forinnla 
C^rPN 1 

C“(H'‘Pt)N| scarcely adniissihlo, inasmuch as it implies that 

hydrochloric acid can act as a hibaaic acid. 


n Diniodo-metliylamino. C'‘{IPP)N. 

WuuTz. N. Ann. Chan. 2’Jn/s. 30, 4.')5. 

Formed by llio action of iodino on tho a(iuoouR solution of mothyla- 
inino (p. 31.1). 

Garnot-colourod powder, which disaolvoR i\i alcohol, but ai'iioars to bo 
decomposed by that liipiid, 


2C . 

. 12 .. 

.. 4-27 

WHI-tZ. 

4-12 

3 U .. 

. 3 .. 

.. l-Oll 

1.57 

2 I . 


.. 89-32 

... HO-57 

N . 

. 1-1 .. 

.. 8-.35 



C’l p“}n . 281 .... lOO'OO 


This compound is docoinposod by boat, but doos not oxplodo lilco tho 
iodido of nitrogen. It is also docoinposod by potash, with formation of 
iodido of potassium, a volatilo product having a very ponotrating odour, 
and a sliglit insoliiblo rosidiio consisting of a yollow lloociilunt mattor, 
not yot oxaminod; Wurtz has, howovor, ascorlaiiiod that this roaiduo dooa 
■not consist of iodoform. (Wurtz.) 


IT Bimethylamino, eVPN = (C’IP)=,H»N = (C“IP)“,nN, 

This compound has been but little studied. It is formed as a hydrio- 
date (or iodido of dimothyliiuu) by tho aotion of ammonia on iodido of 
methyl (pp. 170, 321). The hydriodato diatiliod with caustic potash yields 
tho alkali in tho froo state. (Hofmann, GAm. A'oe. (Jit, J, 4, 822.) 

Calculailott, 

4 C. 24 . fi.'l-.l.l 

7 11. 7 . l.’i'.'ifi 





















IT Trimethylamine, C»H»N = = (C“H=)“N. 

Occurs in herring-brine (Hofmann, Chem. Soc. Qit. J. S, 288 j Ann. 
Pliarm. 83, 116).—The hydriodate is formed by the action of ammonia 
on iodide of methyl; and on distilling this compound wi^i potash, the 
alkali is obtained in the free state. (Hofmann, Qliem. Soc, Qu, J. 4, o2w). 

Calculation, 

G C . 36 61-02 

q H 9 15-25 

N. 14 2.S-73 


. 59 . 100-00 


t Tetramethylium. C®H"N = (C=H»)‘,H‘N = (CHd^)SN. 

Hofmakn. Ph.il. Trans. 1850, 93} Chem. Soc. Qu. J, 5, 320} Ann. Pharm. 
79, 11} Ph. Ann. Ghim. Phys. 33, 108. 

Syn. Tetramethylammonium,. 

Obtained in the form of an iodide by the action of ammonia on the 
iodide of methyl. 

Not known in the separate state (p. 17). 

Calculation, 

8 C . 48 16-22 

12 H. 12 64-86 

N. 14 18-92 


(cmai-iN. 74 . 100-00 

Hydrated Oxide. —(C’H’)*NO,HO.—Obtained by digesting oxide of 
silver in the aqueous solution of the iodide: 

(C3H=)< N,I + AgO + HO = Agl + (CHP)-! NO,HO. 

On filtering to separate the iodide of silver, a strongly alkaline solution is 
obtained, -which when evaporated in vacuo over snlphurio acid, yields a 
white crystalline mass, resembling hydrate of potash, and absorbing -water 
and carbonic acid with avidity (p. 17). 

When heated, it intumesces strongly, and is completely volatilized, 
yielding a strongly alkaline distillate. According to the decomposition- 

products obtained with other bodies of similar composition_the hy- 

diwted oxide of tetrethylium, for example—it might be expected to yield 
trimethylamine and methylene, C*H“} but it appears to he decomposed in 
a different manner, as not a trace of permanent gas is given off (vid 

p. 180.) ^ 

Neutralized with acids, it yields crystallizable salts. The sulphate 
oxalate, nitrate, and hydrochlorate have been prepared. The nitrato 
crystallizes in long shining needles. (Hofmann.) 

iodide.—Iodide of methyl heated in a sealed tube with strong aqueous 
ammonia, is quickly dissolved, the completion of the action being indicated 



















by tlie appoaranco of a yollow colour iu tlio solution. On opening tlio 
tube, tlie solution is found to bo strongly acid, and oontains fivo dilloront 
iodides, viz., tiu) iodides of animoniuin, H‘N ; nvotliyliuin, (H''',C'’IP)N 
[or (I-P,Mc)N]; dimctliyliuni, (lP,Mo^)N; triniothyliuni, (lI,Mo'')N ; and 
toti'aniotliyliuni, Mo'‘N. TIio first and liist of tlieao compounds aro pro¬ 
duced iu abundance, tbo second in siiialtor quantity, and tlio tliircl and 
fourtli iu very small quantity, Tho action takes place ovoii at ordinary 
toinporn.turcs, but loss quickly, several days being required to complete it. 
If an alcoholic solution of ammonia bo used, tbo action is coinplotod iu a 
few Iiour.9, even at ordinary tomperatiiros.—If tho ioilido el inotliyl is iu 
excess, the liot solution, as it cools, deposits crystiils of tho iodide of totra- 
inothyliuni, which may bo puriCtfd by wasliing with cold water, and 
roorystallizatioii from I'lot wator. 

Hard, flat noodles, of dazzling whiteness; spariugly soluble in cold, 
inoro soluble in boiling wator. Tho solution is noutral, and has n,u 
extromoiy bitter tasto. Tho crystals aro nearly insolnbio in alcohol, quito 
insoluble in otlior, Bjjariiigly .soluble iu an alkalino liquid. (Hofmann.) 

llufiimnn. 


8 C . 

. 48 

.... 24 

12 H . 

. 12 

.... C 

N . 

. M 

.... 7 

I . 

. 12G 

.... f.;! 

(C'-H«)’N,I. 

. 200 

.... 100 


Chlorojtlatinate .—^Fonued by mixing Uio solution of tbo liydropldorato 
with bichloride of platinum. CrystalUzcs iu woU-doflned octohodi'onB, of 
a deep orniige-yollow colour, (Hofmann.) 


8 C . 

.... 48-0 . 

.. 17-18 

llurmami. 

12 11 . 

.... 12'0 . 

.. 4-29 


3 Cl . 

.... 100-2 . 

.. 3H-07 


N . 

.... 14-0 . 

., 5-00 


l>t. 

.... 99-0 . 

.. 35-40 ., 

. 35-21 

(C=l]‘V'NCl,l‘tCP . 

. 279-2 , 

.. 100-00 



When this suit is rccrystallizoil, Iho iiroporlioii of pIiiiiTmin is foimil toslimiiiisli, in 
consequence of n (lecomi)08Uinn wliieh tnkos i>liwo by tlio nnliim of bnliinp; water. A 
similar cleeoiiiimsilion lias bcou uhsorvcil iu tho plaliMuiu-Halls of liiu oLIior nmmunium- 
linacs. (Hofmann.) 

Stibmetliyl. c«lPSb = (CHP)’,lPSb = (C-iryf3b. 

Landolt. Ann. PJixmn, 78, fll; J. pr. Cke»i. .'52, 08,'5; Indit, !18.'51, 142; 
ahstr. Pharm. Centr. IS.!!, 233; Ann. Ckim. Phytt. 04, 220; 

N.J, Pham. 20, 05; Jahresber. 18.'51, 501; Chem. iS'oo. Qu.. J, 5, 07. 

This compound is formed by tbo action of iodido of motliyl on anti- 
monide of potassium (p. 280), A small short-nookod flask, having a 
capacity of 3 or 4 ouncoa, is about two-tbirds filled with a mixture of 
antimonido of potassimn (ohtainod by igniting 5 parts of erndo tartar 
with 4 of antimony, and containin;r 12 por oout. of polassiuin) and quartz 
sand, tbo sand boiiig used to diminish tho Intonsity of tlio action. I’liro 
anhydrous iodido of methyl is then introduced, in quantity sulliciout to 
moisten tho niixturo, whoroupou a violent action takes place, and tho 
VOL. vn. V 
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applied, and the stibmetliyl distils over. The operation is rciieatod with 
fresh quantities of material, and the whole distillate is rectified in an 
atmosphere of earhonic acid, the vessel formerly used as the receiver 
now serving as a distilling vessel. (Landolt.)— The aiiparatus used in this 
process is tlie same as that used by Lowig and Schwoizer in tlie preparation of stibethyl 

(?•«'•) . . .... 

Colourless, heavy liquid, having a peculiar odour; lusoluhlo in water, 

sparingly solnhle in alcohol, readily in ether. When exposed to the air, 
it gives off thick white fumes, and takes fire, burning with a white flame, 
and with separation of metallic antimony. (Landolt.) 


Calculation. 


6 C . 

. 36 

9H . 

. 9 

Sb . 

. 129 


20-G9 

5-17 

74-14 


Me^Sb 


174 . 100-00 


Stlhmethyl unites with 2 At. oxygen, forming a base Mo^SbO^, which 
satiiratea 2 At. of acid; a. (J-, sulphate of sh'fcmet/ti/f = Me’ShC*, 280’; 
nitrate = Me“SbO\2NO®, &c. It likewise unites with 2 At. S, I, Br, Cl, 
&e.; thus chloride of stihmethyl = ]VIe^Sb,Clh These compounds are in 
all essential particulars similar to the corresponding compounds of 
etibothylj which will be described hereafter. (Landolt.) 


T Stibmetliylium. (CnP)^H<Sb = C^H'^Sb = (C’H=)'Sb = Mo^Sb. 

Landolt. Ann. Tharm. 78, 91; ahstr. Jahre&ber. IS.?!, 501; Chm. 
Soc. Qu. J. 5, 67;—further and more fully : Mittheil-ungen der 
Ifaiurforsch. Geselhh. in Zurich, Kos. 72, 73, 74; Chtm, Gas. 1862, 
381, 404. 

Obtained in the form of an iodide, by the action of iodide of methyl on 
Btibmothyl (vid. p. 326). 

Me^Sb + McI = Me-'Sbl. 

The iodide is decomposed by distillation with antiinonide of potassium, 
and also by electrolysis; but it is not yet distinctly ascertained whether 
these decompositions yield stibmethylinm in the free state.—1. When 
finely pulverized iodide of stibmethylium is distilled with excess of 
pulverized antimonidc of potas.siuni and quartz-sand in an apparatus 
filled with carbonic acid, an oily slightly yellow liquid is obtained, 
which is heavier than water, has the odour of stihmethyl, and takes fire 
on coming in contact with the air, giving oft' a white vapour, which con¬ 
denses to a white powder slightly soluble in water; the solution Las a 
rBaction, Tlie quantity obtained was not sufficient for 
anaAysis«“^2. When an aqueous solution of the iodide is subjected to the 
action of tho. electric currentj iodine and a small quantity of oxygen (from 
decomposition of water) axe separated at tho positive polo, while at the 
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nogativo polo, tlio liquid Ijocomos milky, acquires an alkaline voaotioh, and 
gives ofF a gas equal in volume to ten times the oxygen evolved at the 
positive polo. This gas contains antimony, has the o<lour of stiliinotliyl, 
and takes lire spoutanoously in tho air, producing a white smoko; when 
shaken up with alohoholic solution of iodine, it diminiahos in volume and 
decolorizes the liquid. Those ehaiuctora seem to show that tho gas is 
stibnicthylium, although it di/Tors in physical oliaractor from the product 
obtained by (1.) fLandolt). [It might perhaps have liquefied if proper 
moans had been taken to condense it.] 

Calculation. 

8 C . 48 2r)Ml) 

12 II . 12 C':i5 

Sb . 129 08-25 

(CnPy'Sb . 189 100-00 

Ilydraled Oxide. — (C-H-'')kSbO,ITO. — Obtained by agitating an 
aqueous solution of the iodide with recently precipitated oxide of silver, 
filtering from the iodide of silver, and evaporating tho liUrate in viicuo 
over sulphuric acid; 

ail,I + Ago + no = Agi + (cni“/ sbo,iio. 

While, crystalline mass, which fools soapy between tho lingers, is highly 
caustic, and dissolves readily in water and iileohol, but is insolnhlo in 
other, In the state of aquooua solution, it is slightly volatile, niid forms 
white fumes whou aghtss rod, moistonod with liydroclilorio acid, is held 
over it; but the solution when ovajioratcd over tlio wator-hatli yielils tho 
original quautity with scarcely any loss. When tho solid hydrate is 
suddenly heated in a test-tube, it gives off vapours wliioh take fire on 
coming in contact with tho air, and deposit molallio antimony; but wlion 
carefufly Iwatcd, it sublimes undooomposod. 

The aqueous solution has an alkaliuo taste and odour, and insLfUitly 
turns reddened IHiiuis paper bhio. In ali its chemical rohitioiis, it exhibits 
tlio closest roaomblanco to caustio potash. When ova.poi-ated in an ojion 
vessel, it absorbs carbeuio acid, and tlioii ofi'ervoscos strongly witli ncids; 
blit on tho addition of iimo-waher, carboiiato of liiiio is precipitated, and 
tho puro base is again found in tho solution. It expels ammonia from 
ammoniacal salts, oven in tlio cold, and soparatos baryta from iodido of 
barium. Ijiiiio and oxldo of load tiro immediately procipitatod by the 
solution of this base. With einc-salts it forms a wlato prueipitato, Holuhlo 
in excess; with ooppor-salts, a precipitate insoluble in oxcohh; with mer¬ 
curous, inorcurio, and silvor salts, it givo.s tlio same rcaotioiia as potash; 
with olilorido of platinum, it forms a yellow procipitaUi, rosomhliiig tlio 
chloroplatina,to of potiissium.—Tlio aqueous sidution, boiled with sulphuv, 
forms a yellow liquid, which, whou mixed with dilute acids, yields a pre¬ 
cipitate of sulpliur, and gives olf siilphiirottod liydrogon, In short, this 
body boars so close a rosoinblaiico to potash, as to bo quite uiidistin- 
guisliablo from it by moroly qualitutlvo tests. It is also analogous to Uio 
liydratod oxides of toti-otliyliuni, totriimotliyliinn, &o. 

With acids, tho oxide of stibniethylium forma both iioutral and acid 
salts, which, as far as observations have hithorto oxteiidcil, cloHoly 
rcsomblo tho corrospoiiding potash-salts, and aro isoinoriilunis witli them. 
They all tasto bitter. Tlioy aro forniod in some cases by diroot combina¬ 
tion, in others by double docomposition. (Laudolt.) 

Y 2 
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qil.i.«4 b, <le«.«po.ii.s • tl ” ovct Iho 

cipitatcd carbonate of fiiher, Ine nltere q ,,niinTvi':;li trails- 

■water-l)!itli leaves an indistinctly crystallizet, soim ■n ‘ ,7,. alkaline 
parent mass, wkick deliquesces very readily in the air “ f X'"® 

reaction, dissolves very easily m water and in alcohol, / j 

ether. This coniponnd is very instable, beginning to smell ; 

as soon as it is formed. When heated it gives off white fu les wluch 

take fire .spontaneonsly in the air. Does not appear to contain vi atci 

by passing carbonic acid tbroiigb a solution of the oxide or o ij3 no. 
carbonate, and evaporating.—Crystallizes with difhcnlty in sina 1 needles 
arranged in stars; deliquescent, easily soluble m water and alcohol, 

insoluble in ether. Has an alkaline reaction and bitter taste. In tho 

solid form it soon decomposes, like the nontral carbonate. 1 he aqueous 
solution evolves carbonic acid when heated, .and does not precipitate 
magnesia-salts.—The great facility with which these carbonates decompose, Tcmleied 
it impossible to analyze them. (Laildolt.) 

Sulphide. Me^SbS.—Prepared, like monosulpbide of potassium, by 
dividing an aqueous or alcoholic solution of oxide of stibmethylium into two 
equal parts, saturating the one completely with suljihiircttod hydrogen, 
and then adding the other portion. The resulting solution, when rapidly 
evaporated in a retort, leaves the sulphide in the form of an amorphous 
green powder, which smells like mercaptan, dissolves readily in water and 
alcohol, but is insoluble in ether. The solutions arc colourless, and yield 
black precipitates with nitrate of silver and acetate of lead. On distilling 
tho aqueous or alcoholic solution, part of the sulphide passes over undo- 
composed; hence it appears to bo somewhat volatile. (Landolt.) 

Landolt. 

8C . 48 .... 23 -a 

12 II . 12 .... 5-85 

Sb. 129 .... 62 03 

S . 1C .... 7-81 8'86 


(C^iuysbs. 205 .... 100 00 

The excess in the determination of the sulphur arises from the facility witli which the 
compound becomes oxidized. Tlie sulphur was determined by jirecipifating with acetate 
of lead, oxidizing the sulphide of lead with nitric acid, &c. 

Sulphide of stibrnethylium heated in a tube, first melts, and then decom¬ 
poses, evolving vapours which take firo spontaneously, and leaving a liard 
yellowish mass of sulphide of antimony. In contact with tho air, it 
oxidizes voiy rapidly, changing to a yellow powder, which gradually 
becomes white, ami is then perfectly soluble in alcohol, but not in 'wiiter. 
The alcoholic solution gives, with nitrate of silver, a precipitate which is 
brown at first, but afterwards turns black; ether changes it to a soft greasy 
mass, bnt does not dissolve it. When tho white product of oxidation Is 
heated in platinum foil, it first acquires a dark green colour, which dis¬ 
appears on cooling; but if the heat be further increased, the substance 
Imomes white again, and then takes fire. (Landolt.) 

A fKilntion of oxide of stibmethylium boiled with sulphur yields milk 
of snlphnton the addition of an acid; hence it is probable tliat higher 
sulphides of stibrnethylium 'may be formed.. (Landolt.) ° 
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Sulphates, a. IfeutvalSulphate. Me*SbO,SO’=:Mo''Sl),SO‘.—Obtaiiiodj 
3, by adding a hot solution of aulpliato of silver to aquoous iodide of 
stibiuotliylium as long as any procipitalo of iodido of silver is formed. 

[In Lnndolt’s first incinoii' oji sLibmothyliiim (Aim. Phurtn. 7t!i H-l), this inolhofi is said 
to yield the ooid sulpliato.] Oil ovaporiitiiig tlio liltorod liquid ovor tho wator- 
bath, colourless crystals aro olitainod, ivhicb may bo pressed botwoou 
paper and dried in the air. (Oheni. Gaz. 1852, 408.)—2. By saturating a 
concentrated solution of tlio acid salt b ivitli oxide of stibmutliylium, luul 
mixing tho aquoous aolutiim with alcohol and ether; tho neutral salt then 
sopiuutos in oily drops, which after a while inssume tho solid form, [.'bin, 
Iharm, 78, 05.)—Tho crystals, which appear to bo rhombic, coiitniii 
15-42 per cent. (5 At.) water of crystal!imtion, which they glvo oil' at 
100°. Placed ovor aiiljihuric acid, they lose part of tlioir water, and fall 
to a white powder,—The crystals dissolve very readily in water; the 
anhydrous salt becomes strongly heated when Avator is pourcil upon it. 
Tho salt is also soluble in alcohol, but iiisolublo in other. Its taste is 
saline and bitter. (Laudolt.) 

When this salt is boated above 100° in a’clilorido of zinc bath, it begins 
to decompose slowly at 120° to IIU)’, emitting an odour of stilmiuthyl; at 
150° it melts, and at lOO’’ suil'ers complete decompoHitien, atteiuleil with 
evolution of light and ho.xt. By long ox()osuro to a tomperaturu of 100° 
it suH’ors gradual decomposition. (Laudolt.) 

AnJiydriiiis, Laudolt. Cri/xtiillizvil. LnudulU 


8 C. IH .... 20-25 H 0. .... 17-02 

12 11. 12..., 5-(IO 12 11. 12.... •1-2.5 

,Sl) . 12U .... fit-Li .8I> .... 121) .... 45-75 

0. H .... .'I'OH 0. 8 .... 2-H.'! 

SO-''. 40 .... 10-88 .... 10-04 SO".... 40 .... 14-1!) 

6 110.... 45.... 15-05 .... 15-42 


(C"II")'Sli,SO'23r .... 100-00 -tOAq.,,, 282 .... 100-00 

Ilisulphata. Mo''SbO,I10,2SO’=^^** —Obtained by adding 

1 At. oil of vitriol to an aqueous solution of I At. of the neutral sulidnito. 
After sovoral cry.stallizations, beautiful, hard, tr.-iuspai-out cn-yslalH aro 
obtained, sonio of Avhich aro four-aided tahlels rvilh oliliqiudy tnincatod 
edges. Dis.solvos voi-y ro.-ulily in water, lo.ss oasily in ahudiol, and is 
nearly insoluhlo in other. IIii.s a strongly a<-,id tasLii, and leaves a hitler 
tasto ill tho mouth. When heated, it hehaviis exactly lilcti the ui'utni.l 
suljihate. On di.s.solving it in a wmill ((luiutity of witter, then adding 
alcohol, ])recipltaLiug by otlior, and nqieating timse (ijicrationa several 
timo.s, tlio neutral sniphato is at Ii-agtli olituimid, In tliis respect tlio acid 
salt behaves exactly like bisiilphato of jiolash. (Laudolt.) 


H C . 

. 48 . 

.. 10-78 

LMudult, 
. 1(1-08 

13 IT . 

. 1.3 . 

.. 4-55 

. 4-13 

HI). 

. 12» . 

.. 45-n 


20 . 

10 . 

.. ri-ri'j 


2SO" . 

. 80 . 

.. 27-57 

. 28-08 

. 

. 2HC . 

.. 100-00 



Tho salt contains no water of crystal!imtion. The basic xvator (or 
hydvogou), like Unit of acid sulpliato of potash, is not dvivou olV at 
120 °. 
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MW,. by lb,«««»of iott 

"rti: 1 \iAS'wS'” “• ““ i ''I'ieb pooso" oyo; 

of me%l which (list collected in the same receiver, a plight 

when the temperature is raise , • . solidifies after awhile into a 

ebullition takes place, and the ,varm water, tl.o 

perfectly white, s™tcd and the solution set aside to cvapo- 

Xrwi;tt of stibniethyliiim separates in 

''^Se’crystals belong to the hexagonal system. 

beautiful, large, sl.K-sidod table.s, usually scalari orm, ^ ^ 

milliraetres in diameter; the terminal faces are plane, and the lateal eg 
intersect one another at angles of 120». The erys als oonta n ,^101 
mechanically enclosed, and consequently decrepitate vyhon ^’o^l^od. I hoy 
dissolve in 3'3 pts. of water at 23^ and are likewise easily soluble iii 

alcohol, but dissolve very slowly in ether. , i. 

Iodide of stibmothyUiim heated in a test-tuhe first falls to powder, and 
at 200° begins to dccomposo, disappearing gradually, and evolving tmclc 
white fumes, which have the odour of stibraethyl. The vapour thus 
evolved is partly deposited as a coating on the inside of the tube; but the 
greater portion reaches the mouth, whore it takes fire spontaneous y, 
forming rings of smoke like phospliurettcd hydrogen. Boiling water dis¬ 
solves but a small portion of the deposit in the tube. 1 ho solution 
treated with nitrate of silver yields a precipitate consisting of iodido of 
silver and metallic silver, the latter being doubtless produced by pure 
stibmethyl or stibmethylium, the former by undecomposod iodido.—Tho 
aqueous solution of iodide of stibmetbyliuni is gradually decomposed by 
repeated evaporation, a small quantity of a yellow insoluble siibstanoo 
(not yet examined) being formed, and the odour of stibiiiothyl evolved. 
—(For the deootnposUioa by electrolysis, »;W. p. .322.) Filtering paper, OOVOl'od 
with strong starch-pastc, to which iodido of stibnietliylium has boon 
added, behaves towards ozone exactly in tho same maiinor as paper 
prepared with iodide of potassium, but is even more sensitive.—Oil 
of vitriol, bromiue, chlorine, and nitric acid, act upon iodido of stib- 
metliylinm exactly as upon iodido of potassium; hydroclilorio acid 
decomposes jt, with formation of chloride of sfcibinetliylium.—Aqueous 
solution of iodido of stibmethylium poured upon amalgam of sodium, 
produces a succession of little explosions, accompanied by .appearance 
of fire, metallic antimony being also separated.—The iodido distilled 
with excess of antimoniefe of potassium, yields a yellow oily liquid, 
which 18 probably stibmethylium (p. 322). The aqueous solution dis¬ 
solves a considerahle quantity of the yellow modification of mercuric 
iodide. The red iodide, boiled in the solution, changes into the yellow 
modification before It dissolves; and, as tho liquid cools, a considerable 


12 H . 

19 

15 •2.4 


Sb. 




I . 


lO'OO 


((?H»)iSbI. 


lOO'OO 



■n. h 4. k«.. rf,.. ,„ii, 
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dccomiiosed by keeping, and ia partly duo to the error wlilcli alwaya arises in preci¬ 
pitating the iodine of orgauio compounds with nitrate of silver. (Landult.) 

Bromide. Mo'SbBr.—Obtaiiiod by decomposing iodide of slib- 
inothyliuiu with bromide of moroury. On filtoriiig Iron) tlio_ iodide of 
moremy and evaporating, a beautiful salt is obtained, solublo in alcobul 
and water, but insoluble iu ctbor, and having a siiliiio bittor taste.—Tiiis 
compound, when heated in thoair, evolves white vapours, vvliich take lire 
in the air. Oil of vitriol poured upon it liberates hydrobromio acid; nitrlo 
acid separates bromine. Witli motallio salts, bromide of stibmothylium 
behaves in the same maimer as bromide of potassium. (Landolt.) 


8 C . 

. 48 . 

... 17-B4 

Laiiilolt. 
. 18’38 

12 IT . 

. 12 . 

... 4-40 


Sb. 

. 129 . 

... 47'9(> 

. 47-07 

Bi-. 

. 80 . 

... 2974 

. 29-40 

(CTI'T'Sbllr . 

. 2C9 ., 

... lOO'OO 

. 90-90 


Chloride. Mo'‘Sb,Cl.—Obtained by adding a hot solution of corrosive 
sublimate to aq[uoous iodide of stibmotbyruim, a.s long as a prooipitato of 
iodide of mercury is produced. The filtered_ li<)uid evaporated over the 
water-bath deposits the chloride in white si.K-sIdeil tables similar to those 
of the iodido. Those crystals are easily soluble iu ivatur and alcohol, 
nearly insoluble iu other; tlioir taste is saline and bittor. Tills salt 
intumosooa when heated iu a tube, and at a higher teniporaturo gradually 
disappears, giving off white fumes, wliioh take lire Hpoutanooiisly in the 
air, and deposit on the cooler part of the tube a white sublimate containing 
chloride of anthuoiiy. (Landolt.) 


Lamlolt. 

8 C . -I8'0 .... 21'38 

12 If . 12-0 .... 5'3& 

Sb. I29'0 .... C7'fG 

Cl . 35-4 .... Ib’Bl 15T)5 


(CWl'SbCl . 22-1-4 .... lOD'OO 


Nitrate. Mo'*ShO,NO'=Mo^Sl),NO''.—Formed by adding nitrate of 
silver to an aqueous solution of iodido of stibmothyliiim as long as 
any precipitate is formed, thou fdtoving and ovaperating till the suit 
crystallisios.—The crystals are anhydrous; tbolri'orm could not be exactly 
determined; but when a drop of the nipioons solution was allowed to 
evaporate on a glass plate placed nndov the mievoseopo, ceuvsoly riidiutod 
lbrni.s wore observed like those of nilrnto of jiotasli. -Tlio salt dissolves 
readily iu water, slowly in alcohol or other. Its taste is harsh and bittor, 
not cooling like that of nitre. When heated it gives oil’ white fumes, 
which immediately take fire; tlio entire ma.ss then explodes with a largo 
white flame, just ilko a mixture of nitre and charcoal. Tlio salt is very 
stable, not being docomposod oven by boiling with strong sulpbuijo 
acid. (Landolt.) 

LuiuUilt. 

8 0 . 48 .... IB'13 


12 11 . 12 .... 478 

Sb. 129 .... 51-3!) 


() 


a'I') 
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Ghloroplatijiate. Me'‘SbCl)PtCl®.—Wlicn bicliloriclo of jjlatliuim is 
added to au aqueous solution of ehlovido of stibracthylium, _ a yollow 
crystalline precipitate is formed, wbicli may bo dissolved by boiling with 
water. On cooling, the double salt separates in small crystals, which may 
be dried between paper.—This salt forms a beautiful orange-yellow powder. 
It is the least soluble of all the known compounds of stibmelliylinm; with 
respect to solubility in water, it is intermediate between the corresponding 
potassium and Hodiiini oompoundsj it imparts a yellow colour to a largo 
quantity of cold water, but does not dissolve completely till boiled. It 
is quite insoluble in alcohol and other, very difUcult of solution in alkalis, 
but dissolves more easily in hydrochloric acid. Wlic!i boated, it turns 
black, and soon takes fire, leaving an alloy of platinum and antimony 
fused into globules, from which the latter metal is but imperfectly roiuovod 
by boiling in aqua-regia. (Landolt.) 

Landolt. 


8C . 48'0 .... 12-]9 


12 H . 

. 12-0 

.... 3-04 



Sb. 

. 129-0 

.... 32-73 



Pt. 

. 99-0 

.... 25*01 

24-75 . 

,. 25-62 

3 Cl . 

. 106-2 

.... 27-03 




((PHVSbCl.l’tCE. 394-2 ... 100-00 


^ Methyl-bases containing Phosphorus. 

P. Thenard.— vid. Memoirs died on pnge 17G. 

These compounds are formed by the action of ohlorido of methyl oH 
phosphide of calcium at a high temperature. 

a. Biphosphomethyl. C’H^,P*=MePb—Phosphobiinethyl exposed to 
the continued action of hydrochloric acid gas is resolved into biphospho- 
methyl and phosphotnmethylamine. The former is a yellow, noii-volatilo, 
inodorous, and tasteless body. 

,^H“P=McT.—C olourless, transparent liquid, 
S ““ extremely repulsive odour. Boils (it 

■alia yai^nizaoie acid. With hydrochloric .acid it ioi-nis a 

^■"rtbor action 

»ttlUjiiatelT wolved i-nto Jess permanent substance, anil 

^‘PJ\°^»'e«'eth 7 l and^pliosphotrimothylainino. 

into an acid, which is also formni k water, 

hunine. oxidation of phosphotrimotliy- 

c..PA<MpAom<ft/iyIaOTine. C*H‘P=:H* Me P a * , • 

m nrhidi unites with hydrochloric 

with water, this comnoimri compound. By 

^®^f«otisphosphomethylamino.'*'With^ hydrochlorio 

forma a very acidTquid. 

A. AiiiiBiiknfii‘fei***A..7-~..-_. /i.TT.x. , 

. liquid. 'Vhich 

i a«c properties, and is converted by 
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Tlio narnos and formulro abovo j^ivon to tlioso ooiniunnulM am (alsiMi 
from Lihvig’a Grimdriss dor or</. Okftiiif-, S. STS. Paul Tliriianl, liiiwovor, 
regards tliom as coinpound.s of tlio tliroo pliospliidos of liydrogon 
ami I’H® with 1, 2, and At. mothyloim, C'*!!''’, ro-spontivoly. Thus, tiui 
yellow solid the infliinniiablorupiid l)~Pir'*,2(PIP; tlio baHUi 

compound fi!=;PIP,3C“lP. Similarly, tho compound c might bo rogiirdcd lui 

pi-p'.anp. 

No dotailod account of tlioso compoinuls has yot boon publishod. 


t Zinc-methyl. c=II'''Zii. 


FiiANKiAND. Gkm, Soc. Qu. J, 2, 29. 


Forinod by tho action of zino on iodido of motbyl. Wlion iodido of 
methyl i.s hoatod witli oxcc.ss of granulated zinc, in a soalod (ulic, a wliilo 
crystallino siilistanco is formod, Avhich, whon dl.stillml in an atmo...]ilim'n of 
hydrogoiij yiold.s ziiic-moth^d in tho form of a colourlc.sM, jndliii’id liiinid, 
having a ^loculiarly poiiotvating and nauHmm.s odoiir. Thin lii|nid liilicn 
firo spontanoon.sly on coming in contact with air or oxygen, liuniing with 
a brilliant grcimiHli iiluo (lame, and forming ilonso wliito cIondM id’ oxido 
of zinc. Its vaponr, mixed with a largo c.vci'h.s id' methyl and mandegaH, 
barns with tho ohiiraeleri.stio blue llaine, ilepo.Hiiing iipoii cold HiirfMeeh held 
within it, a black e.riiHt of metallic zinc sarroumlod by a ring cd’ oxide. 
This dcpo.sit is easily distingni.died I'rom arseuie, by di.s,solving with 
ovolation <d'liydrogcn in dilute hydrochloric acid, and foniiing a soliilioii 
which giviNs no jirecipitato witli mdidiurettod liydrogcn. Tho vapour of 
zinc-mothyl is highly [loisoiioim, imodneing slioi'tly after iiihalatiim all tlm 
symptoms of poisoning by zinc. It dononijMiHcH water oh rapiilly as 
potassium, tho simill tubo containing n. fow drops of tho rn|uid beroniing 
rod-liot uiulor water; tho produots of tho dooomposiLlon a,ro 1 At. n.xido of 
zino and 1 At. marsh-gas; tUus: 

-I- IK) .. ZnO .|. (vilh 


Cnlr.ulttthn, accordhij/ In Vrauhtnmt, 


2 C . 

. 12 '« 

2r.'.13 

3 H . 

. 3 MI 

|■l•3rl 

Zii . 

. 32-2 

IlH' 

cni'izii. 

. •I 7'2 

iiiil'mi 


Zinc-mothyl aiipears to bo a radical capable el' nuiliiig witli oxygen 
cliloriiio, &o. (Frankland.) 11 











a, (Secondary jsvfiieus. u on. 


Tersulpliide of Methyl. cw = cmH=s*? 

Cahoubs (184f)). N. Ann. Ohim. Pliyf. 18, 2G0; abstr. Compt. rend. 
22, 862.— [Feleformaf.] 

A mixtnre of sulphomethylato of Hmo and pentastilplildo of potassium 
yields by distillation, first, then, ^yben the boat has risen to 200“, 

an amber-coloured distillate, wbicb ia but slightly altered by boiling, and 
exhibits with chlorine and nitric acid the same reactions as the compound 


C’H’S’’ (p. 283). (Cahours.) 



Cahours. 

2 C . 

. 12 ., 

... 19-05 

19-47 

3 H . 

. 3 .. 

... 4-76 

4-82 

3S . 

. 48 ., 

... 7G19 

75-00 

. 

,. 03 . 

... 100-00 



Sulphofom. CPHS’ = C"HS,S’? 

BouenARnAT (1837). J. Pharra. 23, 12 j also Ann. Plmin. 22, 234. 

A mixture of 1 pt. iodoform, C’HP, and 3 pts. cinnabar, ia gently 
lieated in a amall retort, and the fire removed as soon as the action begins. 
Iodide of mercury then distils over, accompanied by undooomposed iodo¬ 
form, and a few drops of snlphoform (amounting to 1 per cent, of the 
iodoform used); it appears, however,still to contain iodine.—(Sulpboform 
is not obtained by boiling alcoholic potash with sulphur, or by heating 
iodoform with any of the higher sulphides of potassium.) 

Orange-yellow oil, which sinks in oil of vitriol. Has a sulphurous 
and aromatic odour, and a very sweet and aromatic tasto. 

It is gradually decomposed by oil of vitriol. With aqueous alkalis it 
yields a metallic sulphide aud an alkaline foriniate. Dissolves very 
sparingly in water, to which it imparts its taste. Soluble in alcohol and 
ether. (Bouchardat.) 


b. Secondary Nucleus. CHH. 

Iodoform, CHH,P 

Serullas. Ann. Chim. Phys. 20, 165; also Scliw. 35, 498.— Ann. Chini. 
Phys. 22, 172; also Schw. 41, 416; also N. Tr. ,9, 1, 08.—Ann. Gkim. 
Phys. 25, 311; also Sclm. 41, 436; also Kastn. Arch. 2, 1.— Ann. 
Chim. Phys. 2.9, 225; also Schw. 55, 328; also Poyy. 15, 70; also 
Kastn. Arch. 16, 147.— Ann. Chim. Phys. 39, 230. 

Ferrari & Frxsiaki. Bnign. Gioni. 15, 241. 

Taddei. Bi-ugn. Giorn. 16, 65, and 167. 
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ScANLAN. Ami, Phil, 26,14; also Schw. 45, 382. 

Mitscuerlioh. Pogg. 11, 162, and 33, 334. 

Dumas. Ann, Chim. Phys. 56, 122; abstr. Pogg. 31, 655. 

Boucuardat. J. Pharm. 23, 1; also Ann. Pharm. 22, 225.— N, J, 

Pharm. 3, 18. 

St, Evre. Com23t, rend, 27,533; abstr. Jdhresber, 1847-8, 681. 

Kohlenliydriod, Foi-myliodid, lodoforme, Periodure de formyle 
[^Scheformasch']. —Formerly. Solid Iodide of Hydrocarbon, Iodide of carbon, 
fester lodkohlemoas&erstaff, lodholdemtoff, Periodure de carbone. 

Discovered and examined by Serullos in 1822; its true composition 
was established by Dumas in 1834. 

Formation. 1. By the action of iodine and caustic or carbonated 
potash or soda on aqueous alcohol, aqueous other (Scrullas), or acetate of 
ethyl (Bouchardat); also by the action of iodine and ammonia on alcohol. 
(Inglis.) Its formation from alcohol will be fully considered in connection 
with its preparation {rid. inf) —2. By the action of iodine and carbonate 
of potash on dilute wood-spirit. (Lefort, Oomyt. rend.''_23, 229.) Perhaps 
in this manner: 

CTIiO' + 41 + KO = C^IID + KI + 3110. 

3. Also, though in small quantity, by the action, assisted by beat, of 1 pt. 
iodine and 1 pt. bicarbonate of potash dissolved in 5 pts. water, on small 
quantities of grape-sugar, common sugar, milk-sugar, gum, dextrin, or of 
albumin, fibrin, casein, legumin, or gelatin, {WiWon, Oompt.reoid.’l'i, 828; 
also J. pr. Cheni. 37, 53.) Iodoform is not produced from acetone 
(Bouchardat), volatile oils or resins (Millon), or amygdaliu (Lefort).— 

4, When a stream of coal-gas is passed slowly and for a considerable time 
over iodine, iodoform is produced, together with other substances; the 
iodoform, together with Faraday’s compound, C'‘H^P, may be dissolved out 
by alcohol, and precipitated by aqueous potash. (Johnston, Phil. Mag. J. 
17, 1; also J. pr. Ghem. 21, 115.)—5. Small quantities of iodoform are 
sometimes obtained by passing iodine-vapour and vapour of water over 
charcoal heated to redness in a glass or porcelain tube. (Serullas.) 

Preparation. The production of iodoform from alcohol, iodine, and 
potash (or soda), requires 4 pts. iodine to 1 pt. alcohol. The action is 
attended with great evolution of heat, and there are formed, together with 
the iodoform, iodide of potassium, acetate of ethyl, and formiato of potash. 
In some forms of the process, a small quantity of iodate of potash is like¬ 
wise produced. When iodine and potash are added in alternate quantities 
to dilute alcohol, each successive portion of iodine being sufficient to turn 
the mixture brown, and each portion of potash sufficient to decolorize it 
again, iodoform is produced without further heating (together with 
acetate of ethyl, iodide of potassium, and traces of iodate of potash). But 
if the successive quantities of potash added are not quite sufficient to 
destroy the brown colour, so that the iodine always remains in excess, 
acetate of ethyl is produced, but no iodoform, unless the mixture be 
heated to 60°. (Bouchardat.)—Bouchardat supposes that acetic ether is 
always produced in the first instance, and afterwards converted into 
iodoform, as, according to his experiments, acetic ether yields more iodo¬ 
form with potash and iodine than alcohol.—It is more probable, however, 
that two different decompositions of the alcohol go on at the same time. 



tlie ono yielding iodoform and formiate of potasli, the other producing 
acetic otlior, wliioh may then, hy tho fiirtlier action of potash and iodine, 
he likewise converted into iodoform. The first of these decompositions 
takes place, as stated by Liebig (Chirti. org.) in the manner represented 
by the equation; 

enPO’ + 81 + GKO = CTIls + SKI + cmiiO' + 4110. 

According to this equation, 1,008 pte. (8 At.) iodine yield 391 pts. (1 At.) 
iodoform = IOO ; 3S'79.—Instead of this 38 per cent., however, the actual 
product is only 19 per cent., because part of the alcohol is converted, by 
the other mode of decomposition, into acetic other, as follows; 

2C'H''02 + 41 + 4K0 = C«H''0'‘ + IKI + 4 HO. 

The quantity of iodoform obtained varies accordingly ns the circum¬ 
stances of the preparation favour the former or the latter mode of decotn- 
position. The formation of iodoform appears to bo especially favoured 
by beat, by a comparatively small quantity of alcohol, and an excess of 
potash. For in the first mode of decomposition, 1 At. alcohol is acted 
npon hy 8 At. iodine and G At. potash; in the second, by only 4 At. iodine 
and 4 At. potash. When the potash is in excess, its predisposing affinity 
for formic acid favours tho production of that compound. But if the potash 
and iodine are in too great excess, a largo portion of the iodine is converted 
into iodide of potassium and iodate of potash, and thereby rendered 
unavailable for the preparation of iodoform. This loss may be avoided, 
as first pointed out by Mohr (Ann. Pharm. 19, 12), hy using the potash 
(or soda) in tho form of carbonate, inasmuch as aqueous alkaline car¬ 
bonates do not yield iodates when treated with iodino. On this circum¬ 
stance .are founded the more recent methods of preparing iodoform. If 
tlie iodino be kept constantly in o.vcess, a Icmpcratnre of C0° is necessary, 
.acoording to Bouchardat, to the formation of iodoform, even when an 
alkaline carbonate is used; according to Filhol, on tlie contrary, iodoform 
is produced either at an elevated temperature or in the cold, it' the iodino 
is only in slight excess; but with a great excess of iodine, no iodoform is 
obtained, even on tho application of heat. In any case, however, if tho 
right proportion between tho materials be preserved, the quantity of iodo¬ 
form obtained is somcwliat increased by elevation of tenipeiaturo. Finallj'-, 
since, under the most favourable circumstaiace.s, viz., when decomposition 
takes place wholly according to tho first mode, only 3 atoms of iodino out 
of 8 are actually employed in the production of iodoform, tho remaining 
5 being converted into iodide of potassium, the product, as shown by 
Filbol, will be greatly increased, if these 5 At. iodino be again set free by 
passing chlorine through tho liquid (vicl. inf.) 

Other theories of tho production of iodoform have boon given by 
Mitsoherlioli {Pogg. 11,163), Poggendorff (Pogg. 37, 97), and Bouchardat 
(J. Pharm. 23, 3). 

1. Iodino and potash or soda are made to act on aqueous alcohol, and 
the resulting iodoform is separated either by evaporating the alcohol or 
by precipitating with water.— a. A solution of potash in alcohol of.35^ 
Bm. is added to a solution of iodine in alcohol of 3.5° Bm. till the liquid 
is decolorized; tho filtrate is then diluted with a little water; the whole 
of the alcohol driven off by gentle heat; and tlio crystals which separate, 
washed on a filter and dried. (Serullas.)— h. To a solution of potash in 
alcohol of specific gravity 0'850, a small (jUiantity of alcoholic potash- 
solution is added, leaving the iodine slightly m excess; the iodoform pre- 
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cipitated by diluting tlie liquid with a large quantity of Tvatcr; and 
purified from admixed iodate of potash by treating it witli aqueous potash 
or by rcdissolving it in alcohol. (Taddei.)—o. 1 pt. of iodine is boated 
with 2 pts. hydrate of potash and a small quantity of water j a warm 
solution of 1 pt. iodine in G pts, alcohol of 36° Bin., addod in successive 
portions; and the liquid filtered. On cooling—or, if strong alcohol with 
only a small quantity of water has been used, on dilution with water,— 
crystals are dcjiositcd, This mixture of iodiuo, potash, and alcohol may 
also ho distilled, and the receiver changed as soon as the liquid passes 
over colourless; from this di.stillate, the iodoform scparato.g on cooling, in 
a state of groat purity. (Forr.ari & Frisiani.)—To an alcoholic solution of 
iodine, potnsli is addod till the colour is destroyed; the liquid decanted 
from the iodato of potash which settles at tlio bottom; the alcohol removed 
by distillation, and the rornaliiing liquid left to cool, whorcupon tho iodo¬ 
form crystallizes out. (Scanlan.)—Iodine and aqueous potash-solution aro 
addod alternately, in small quantities, and with constant agitation, to 
dilute alcohol—each portion of iodine being sufficient to colour the liquid, 
and each portion of potash sufficient to decolorize it—till 1 pt. of alcohol 
has taken up 4 pts. of iodine. The mixture, which becomes heated during 
the operation, dcpo.sits, on cooling, the whole of tho iodoform, amounting 
to 19'25 per cent, of tho iodine used. (Bouehardat.)—■/. 10 pts. iodine, 
10 hydrate of potash or soda, 25 alcohol, and 75 water, mixed at tho tem¬ 
perature of tho ah', deposit crystals of iodate of potash or soda, which, 
howover, immediately dhapjicar, on the application of heat, with forma¬ 
tion of a trace of iodoform. If tlio iodine, alcohol, and water bo first 
heated to GO”, and then tlic hydrate of potash addod, white and yellow 
scales are produced; the former then disappear, and from 100 pts. of 
iodino, 8 or 10 pts. of pulverulent iodoform aro obtained, of a dirtyyollow 
colour. (Clary,)—When a mixture of 10 pts. iodine, 25 alcohol, and 
75 water, is heated to GO”, and ammonia then added till tlio liquid 
hoconios decolorized, G'8 pts, of iodoform aro obtained for every 100 pts. 
of iodine. (Clary.)—A. Sorullas, in his first experiments, thought that it 
was necessary to use potassium or tho antimonidc of potassium or sodium, 
instead of jiotash; but these alk.ali-inot.als are in fact converted, with 
evolution of hydrogen, into .alkalis, and act only in that state. Sernllas 
introduced one of those metals, by small successive portions, but in such 
quantity as not to produce complete decoloration, into a saturated solu¬ 
tion of iodine in alcohol of 36” Bm.j precipitated the iodoform by dilution 
with water; and purifind it by solution in alcohol and crystallization. 

2. Hydrated alcohol is acted upon by iodine and monocai'bonato or 
bicarbonate of potash, soda, or ammonia.-—n, The host proportion is: 
5 pts. carbonate of potash, 6 iodino, 6 alcohol, and 12 water-; or 
6:6:3:18. The water is put into a loug-ncckod flask, and first the 
carbonate of potash, then tho iodine, dissolved in it; after which tho 
alcohol is added, and. the mixture heated till its colour disappears. On 
cooling, nearly all tho iodoform (amounting to 11 per cent, of tho iodino 
used) crystallizes out, so that tho mother-liquor is no longer precipitated 
by water, and only yields a small quantity of iodoform, together with 
carbonate of potash, when evaporated to dryness and exhausted with 
weak alcohol. (Alcoholic iodine does not act upon dry carbonate of 
potash; but, on the addition of water, iodoform is produced. Concen¬ 
trated solutions of carbonate of potash In water, and iodine in alcohol, 
agitated together in tho cold, do not act upon each other, but separate, 
and form distinct layers when left at rest. But on boiling tho mixture 
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the lower stratum disappears entirely, provided the quantity of iodine- 
tincture be sufficient, and the decolorized liquid deposits iodoform on 
cooling.) (Mohr, An7i. Phm-m. 19, 12.)—J. 10 pta. iodine and 10 pts. 
bicarbonate of sod.i are added to a inixtnro of 100 pts. water and 13 pts. 
alcohol, and the mixture gently heated in the water-bath for 2 or 8 hours, 
till its colour disappears (during this time acetic ether is formed, and if 
the heat bo too strong, iodine evaporates). More iodine is then added in 
small portions, till the brown colour which it produces, boeonies perma¬ 
nent, after which the liquid is left to cool, and the crystals are collected 
on a filter. By this process, 100 pts. of iodine yield from 12 to 15 of 
iodoform.—By cerbiln modifications of the process, 100 pts. of iodine may 
be made to yield different quantities of iodoform, as follows; 100 pts. 
iodine, 100 monocarbonate of soda, 250 alcohol, and 750 water, yield 
11-3 pts. of iodoform.—100 pts. iodine, 100 hicarhonato of potash, 
250 alcohol, 750 water: from 10 to 12 pts.—100 pts. iodine, 100 inono- 
eaxbonate of potash,. 250 alcohol, 750 water: 10'7 pts.—Similarly, with 
carbonate of ammonia, added after the other ingredients have been heated 
to C0°, the product amounts to 12'5 pts.; in this case, acetate of ammonia 
and a small quantity of iodine are given off, as well as acetic ether.— 
Similarly, with acetate of potash and a little ammonia: 15‘2 pts.; in this 
case, acetic ether and acetate of ammonia are given off. (Clary, ZV. P. 
Pharm. 6, 51.) Tlie liquids filtered from the iodoform in the first and 
second processes ^eld, on evaporation and ignition, iodide of potassium or 
sodium, mixed wtth alkaline carbonate. 

3. The same processes as in 2, with the addition of subsequently 
passing a stream of chlorine through the liquid.—A solution of 2 pts. 
crystallized carbonate of soda in 10 pts. water is mixed with 1 pt. of 
alcohol; tlie mixture heated to C0“ or 80"'; and 1 pt. of iodine added by 
small portions, waiting each time till it dissolves, and the liquid again 
becomes colourless. Towards tlie end of the operation, iodoform separates 
out, and may bo collected on a filter. The filtrate, still warm, is again 
heated to between CO^ and 80'’; 2 pts. of carbonate of soda again dissolved 
in it; and chlorine gas passed quickly through the liquid, which must be 
constantly agitated, in order that the separated iodine m.ay ho uniformly 
diffused through it. The iodine must be in excess during the whole pro¬ 
cess; a considerable quantity of iodoform is then produced. When this 
formation ceases, the stream of chlorine is interrupted, and after the liquid 
has become decolorized, the iodoform is collected on a filter. The filtrate, 
if again treated with chlorine, yields a little more iodoform. The product 
obtained from 100 pts. of iodine varies from 42 to 45 or 50 pts, (The 
rest of the iodine may be obtained from the filtrate by treating it, after 
evaporation, with excess of sulphuric or nitric acid, and purified by 
washing with cold water. If borax be substituted for tbe carbonate ol 
soda, a product of equal amount will be obtained, but phosphate of 
soda yields a much smaller product). (Filhol, iV. J. Pharm. 7, 207.) 

Properties. Lemon-yellow, opaque, nacreous lamina;. (Serullas, Scan¬ 
lon.) Lemon-yellow, truncated hexahedrons (rliombolicdrons'i). (Ferrari 
& Frisiani.) White, shining scales. (Taddci.) Sp. gr. about 2 000. 
(Sernllas.) Friable, soft to tbe touch. (Serullas.) Volatillzes gradually 
when exposed to the air, quickly and without decomposition at 100”, 
(Sernllas, Taddei), and may be distilled with water without decomposi¬ 
tion. (Scanlon.) Has an aromatic odour, like that of saffron, (Serullas, 
Scaalan), and excites coughing. (Ferrari & Frisiani.) Its taste is scarcely 
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perceptible -wlien aloncj but the alcobolic solution liaa a street taste. 
(Serullas.) Tastes sweet, and leaves an unpleasant after*taste. (Taddei.) 
Tastes like nitrous etlier, and acts upon tliB human body like iodine. 
(Ferrari & Frisiani.) 


Sei-ullas. Dumas. Mitsclierlidi. 

2 C . 12 .... 3-07 .... 3-13 .... 3-20 

1 H . 1 0-26 .... .... 0'33 .... 0'22 

3 I . 378 .... 96-67 .... DO’OO .... 96-47 


C2Ur,t2. 391 .... 100-00 100-00 


Decompositions. 1. Iodoform fuses between 115° and 120°, volatilising 
partly undccomposed, and partly resolved into iodine-vapour and hydriodic 
acid gas, with a rcsiduo of shining charcoal. (Scrullas.) According to 
Taddei, nothing hut iodine-vapour is evolved in this decomposition. 

2. Chlorine instantly decomposes iodoform. When no water is pre¬ 
sent and the chlorine is in excess, there are formed hydrochloric acid, 
chloride of iodine, and a white substance containing carbon, which may bo 
freed from hydrochloric acid and chloride of iodine by washing with 
water: it is greasy to the touch, gives off, when moderately heated, a 
vapour smelling like camphor, and leaves a residue of charcoal; it is 
insoluble in water, but dissolves readily in alcohol, and still more readily 
ill ether.—The same decomposition takes place on introducing iodoform 
into a vessel containing protoclilorido of iodine, which then becomes 
strongly supersaturated with iodine.—When the quantity of chlorine is 
smaller, and water is afterwards added, there is separated, instead of the 
white substance, a small quantity of an oily matter, heavier than water, 
greasy to the touch, and having a very powerful odour, like that of tur¬ 
pentine.—When chlorine acts upon iodoform in presence of a small 
quantity of. water, the products are hydrochloric acid, chloride of iodine, 
and phosgene, even if the quantity of chlorine bo small. (Sorullas) : 

emP + 2HO + 8C1 = 2CCIO + 3HCI + 3IC1. 

3. Two parts of bromine instantly decompose 1 pt. of iodoform, with 
evolution of heat and a hissing noise, yielding bromide of hydrocarbon 
(broraiodoform; according to Bouchardat) and hromido of iodine. 
(Sevullas.)—4. Aqueous hypoohlorous acid acts violently on iodoform, 
giving off chlorine, carbonic acid, and carhonic oxide, forming aqueous 
hydrochlerio acid and iodic acid, ami separating iodine, which, if the 
hypochlorous acid is in excess, is converted into iodic acid. (Balard.)— 
5. A dry mixture of iodoform and pontaoiiiorido of phosphorus in a well- 
closed flask decomposes instantly on tho application of heat; hut if 
exposed to sunshine at ordinary temperatures, it remains unaltered for 
three montlis, and tlien decomposes in like manner, yielding a solid mix¬ 
ture of iodide of phosphorus and chloride of iodine, whicli is soluble 
in water, and a red liquid, insoluble in water, which is instantly deco¬ 
lorized by caustic potash, and behaves like a mixture of liquid iodide of 
carbon (cliloriodoforra, according to Bouchardat), with a very small 
quantity of Dutch liquid, C^H^CP, (Sorullas.)—Possibly thus: 

C^HP + PCI* = C^HICP + PI + ICP. 

[May not tho oily liquid which Serullas regards as C'‘H*,C1, be really 
chloroform, C^HCPl].—Chloriodoform is also ohtainod on distilling iodo¬ 
form with corrosive sublimate (Mitsoliorlich), chloride of lead, chloride of 
tin, or calomel. (Serullas.)—C. Iodoform, boated with 3 times its weight 
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of cinnabar, yields a yellow sublimate of iodide of mercury, mixed with 
undecomposecl iodoform, and a small quantity of an orange-yellow distil¬ 
late, consisting of siilphoform. (Bouchardat.)—7. When iodoform is 
heated with cyauido of silver, or cyanide of mercury, rapid decomposition 
takes place, extending itself spontaneously, and yielding a sublimate of 
iodide of cyanogen, whicli, when cyanide of mercury is used, soon becomes 
mixed with iodide of mercury. (Bouchardat.) 

S. A mixture of iodoform with an equal %velght of mercuric oxide, 
very gently heated in a retort, undergoes violent decomposition, accom¬ 
panied with great evolution of heat, and therefore extending itself 
spontaneously; water passes over together with formic and carbonic acid, 
and a mixture of mercurous and inorcuric iodide remains. (Bouchardat.) 
The equation, 

2C3HP + 8HgO = C-tUO^ + 2C02 + 4HgI + 2Hgn, 

wmuld explain this reaction, were it not that, as observed by Bouchardat, 
water is formed at the same time.— 9. When iodoform is boiled with 
aqueous potash-solution, part of it evaporates undecomposed, and the rest 
is resolved into formiate of potash and iodide of potassium. (Dumas.) 

C^HH + 4KO = C^HKQi + SKI. 

10. Whon iodoform is heated with zinc, iron, copper, mercury, or silver 
(not with gold or platinum), a metallic iodide is obtained together with 
charcoal and hydrogen gas. (Serullas.)—When 1 gramme of iodoform is 
heated with potassium to the melting point of the latter, the mass becomes 
incandescent, and a violent explosion is produced, which sliattors the con¬ 
taining vessel, probably from sudden evolution of hydrogen. (Dnmas.)— 
Sulphurous, sulphuric, hydrooblorio and nitric acid do not decompose 
iodoform; according to Ferrari & Frisian!, however, it is decomposed by 
oil of vitriol. 

IT 11. When cyanogen gas is passed into an alcoholic solution of 
iodoform, till it is no longer al)Sorbed, the liquid becomes heated, and 
acquires a violet colour; if it be then left at rest, it will deposit golden- 
yellow, prismatic crystals, grouped like vine-leaves. This crystalline 
mass treated with cold dilute alcohol, yields two different substances pos¬ 
sessing the metallic lustre, viz., a violet compound, C^HPiSr=C*HPCy, 
rnd a greenish golden-yellow substance containing less iodine. (St. 
ivre.) If 

Compounds. Iodoform is not perceptibly soluble in water, aqueous 
icids, or aqueous alkalis, but dissolves very j-e.adily in alcohol (whence it 
a partially precipitated by water); also in ether, and in oils both fixed 
md volatile (Serullas); also in chloroform. (Bouchardat.) 


Bromiodoform. C’'Hl,BrL 

liiiuLLAS. Ann. Chim. Phys. 34, 07; also Schw. 49, 241; also Fogg. 9, 
338.— Ann. Chim. Phys. 39, 225; also Schtu. 55, 328; also Pogg. 
15, 70. 

oroHAiiDAT. J. Pham. 23, 10; also Ann. Pham. 22, 233. 

Bromiodofome; formerly Bromide of Hydrocarbon, Bromide of Carbon, 
romhohlenwassmtoff, Bromkohlemtoff, Hydrocarbure de Brome. [Mefor- 
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viasch .^—Discovered by Serullas in 1817; its true composition was first 
recognized by Boucbardat. 

Produced by the action of bromine on iodoform (p. 335). 

Preparation. 2 pts. of bromine are brought in contact with 1 pt, 
iodoform; water added after the action has taken place, to dissolve tho 
bromide of iodine produced; tho aqueous fluid decanted; tho free bromine 
removed from the bromiodoform by caustic 25otasli; tho liquid placed in a 
separating funnel provided with a stopcock, and left there till tho solution 
of iodate of potash has risen to the top. Tho bromiodoform is then 
suffered to run out, and freed from liquid iodide of hydrocarbon, which is 
stilt present in small quantity, by leaving it for some time under very 
dilute potash-ley,—by which, however, some portion of tho broiniodoforiu 
is decomposed. (Serullaa.) [The liquid iodide of hydrocarbon montiouod 
by Serullas is, as shown by Boucbardat, C^HICP; this comijound cannot 
be produced in the above process, unless tho bromine contains chlorine.]— 
1 pt. of bromine is sufficient to act on 1 pt. of iodoform, for it is not 
necessary that the iodine which separates should bo converted into bromide 
of iodine; indeed, it is better to separate tho bromiodoform from tho iodiuo 
by dec.antation or by aqueous potash-solution; it is true that tlio potash 
produces iodate of potash, but this may bo easily romovod by careful 
washing with water and decantation. The bromiodoform nuist thou bo 
freed from the roiruiiuing potash solution by agitation with oil of vitriol, 
and from the latter by mechanical sojiaration ami rectification. (Bou¬ 
cbardat.) 

Propeiiies. Colourless oil, solidifying at 0° to a brittlo, camplior-liko 
mass, which does not melt till boatod above + 6“; heavier than water. 
Very volatile; has a penetrating ethereal odour, and aporsistont, very 
sweet, but somewhat fresh and pungent taste. (Serullas.) 

According to Boucliardat. 


2C . 12 .... 4-02 

H . 1 .... 0’33 

I . 126 .... 42-U 

2Br. 160 .... 63-51 


C^HI,Br3. 200 .... 100-00 


Contains about 1 At. iodiuo to 2 At. bromine. (Bouobnrdat.) 

Bromiodoform does not become coloured by exposuro to tho air.— 
When sprinkled on rod-hot porcelain, it gives off wdiito fumes.—Pn 2 )Ci‘ 
moistened with it does not take firo, but diffuses yollowish rod vapours of 
bromine. When immersed in water, it decomposes slowly, assuming a 
yellowish red colour, and depositing wbito flocks. By aqueous potash it 
IS gradually converted into bromido of potassium and a gas. (Souboiran.) 
Large quantities of broniino do not deconiposo it further. (Boucbardat.) 

Dissolves sjiaringly in water, to which it imparts its swoot tasto, 
(Serullas.) 


Chloriodoform. CKIjCD. 

Serullas. Ann: Ghim. Phys, 25, 314; also 41, 43G. — Ann, Ghhn, 

Phys. 39, 225. 

MiTscnERLicn, jPoyy. 11, 1G4. 

Boucharoat. J. Phann. 23, Gj also Ann, Pharm. 22, 220. 

VOL. VH. 55 








Preparation. 1. By distilling iodoform with an equal woiglit of 
pentacliloi'ide of plinspkorua,— a. The materials, perfectly dry, are inti¬ 
mately mixed in a glass mortar, and the mixture heated in a flask provided 
with a gas-delivery tube passing under very cold water, till the iodoform 
melts. At first a few vapours of iodine make their appearaiiccj then the 
new rod suhstauce distils over, collecting under the water, to which it soon 
imparts its colour.—Iodine, iodide of phosphorus, and chloride of iodine, 
remain in the flask; if the heat wore too long continued, these products 
would likewise pass over, and by the heat which they would develop on 
coming in contact with the water, would causo part of the chloriodoi'orni 
to volatilize.—The liquid is separated from the supernatant acid water by 
the separating funnel, shaken up with aqueous potash, the latter also 
removed by the funnel, and the chloriodcfonn washed with water. 
Lastly, to free it from Dutch liquid C*H*,CD [chloroform 1], it is repeatedly 
agitated with 6 times its hulk of oil of vitriol, till it sinks to tho bottom 
(so long as any of the lighter fluid C^fDCl remains mixed with tho 
chloriodoform, it separates very slowly from tlie oil of vitriol); it is then 
separated from the oil of vitriol by means of the separating fnnuol, again 
•purifiel with aqueous potash, and finally with water.—If tlie oil of vitriol 
bo added before the first purification with potash, decomposition takes 
place, because the substance, before purification by potash, contains a 
chlorine-compound, probably protocbloride of iodine, which is acted upon 
by oil of vitriol. Hence also the chloriodoform, when kept without puri- 
lioation by potasli, gives off, after a while, pungent vapours of hydrochloric 
acid, and then yields with potash a precipitate of iodine. (&rullas.)— 
b. The mixture is distilled in a retort, the dark red distillate decolorized 
by aqueous potash, agitated with oil of vitriol, on the top of which it 
collects, then separated from the oil of vitriol, aud purified by redistillntion. 
(Bouchardat.) 

2. By distilling iodoform with an equal weight of protochlorido of 
mercury. (Mitscherllch, Serullas, Bouchardat.) 

CHIP + 2Hga = CHllCP + 21IgI. 

The mode of proceeding is the same as above. 

Properties. Transparent, pale yellow liquid (becoming opaque and 
whitish after agitation with water, from admixture of tho latter). Does 
not solidify even at the lowest temperatures; volatilizes without decom¬ 
position, (Serullas.) Sp. gr. about 1-96. (Bouchardat.) Has a peculiar 
penetrating, ethereal aud pleasant odour (Serullas), resembling that of 
chloroform. (Bouchardat.) Its taste is strongly aud persistently sweet, 
but cooling at the same time, like that of peppermint. (Serullas.) 
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According to Boucliarclat, tbe compound contains 2 At. clilorino to 
1 At. iodine.—On distilling iodoform with a doiiblo instead of an ocjual 
weight of corrosive subliinatej a distillate is formed containing only 1 At. 
iodine to 5 At. chlorine [perhap 3 =C“HICP,C“HCP], and likewise sinking 
in oil of vitriol. (Bouchardat.) 

Decompositions. 1 . Cldoriodoform exposed to tho air or inimcrsod in 
water in close vessels quickly assumes a rose-colour, whioli continually 
increases in depth. (Serullas.) Docs not burn in tho flame of a candle; 
its vapour mixed with oxygen gas is not set on fire oillior by tlio flanio of 
a candle or by the oleetrio spark. (Serullas.)—2. Wlion poured on rod- 
hot coals or pieces of rod-hot porcelain, it gives off vapour of iodine and 
the odour of iodoform. (Serullas.)—3. In contact with clilorino gas, it 
solidifies and forms torchlorido of iodine. (Serullas.)—4. Hoatod with 
strong potash-ley, it docomposes more readily than chloroform, being 
resolved into formiato of potash, iodide of potassium, and chloride of 
potassium. (Bouchardat.) 

CniICP -r -iKO = CniKOi + KT + 2KC1. 

5. Its vapour passed over red-hot iron yields iodide of iron, hydrogen ga.s, 
and a largo quantity of charcoal; 1 granmio yields 3 contilitrus of 
hydrogen gas. (Serullas.)—It is not decomposed by clilorino-wator or oil 
of vitriol. (Serullas.) 

Combinations. Sparingly soluble in water, to which it imparts in a 
high degree its taste and odour. It is miscible with Dutch liquid. 
(Serullas.) 


c. Secondary Nucleus. C“BrH. 

Bromoform. C*HBr“=C“HBr,Brh 
Lowto. Ann. Dharm, 3, 295. 

Dumas. Ann. Chim. Dhys. 5G, 120; abstr. Poyf/. 31, 054. 

FormyTbromid, Ferbromure de formyle, Bromnfnrme \]\{efoi'ma'ni\ ; 
formerly. Liquid Bromide of Carbon, Jlimiger Bromhohlemlojf. 

Discovered by Lowig in 1832; its true constitution was first rocogni'/.od 
by Dumas. 

Formation. In tho decomposition of broinal by aqueous fixed alkalis. 
(Lbwig.)—2. In tho decomposition of wood-spirit (Lofort), alcoliol or 
acetone (Dumas), by bromine and aqueous fixed alkalis.—3. By treating 
an aqueous solution of citric or malic acid with bromine (Cahours, Compt. 
rend. 21, 814); also by tho action of bromine on aquoous citrate of potaali. 
(Cahours, N. Ann. Ghim. Phys. 19, 484.)—4. Nearly all indifToront 
organic substances, when distilled with diluted bromine, yield a watery 
distillate containing in solution a small quantity of bromoform. (Lbwig.) 

Preparation. Bromal is distilled with excess of aqueous potash, tho 
watery distillate decanted from tho bromoform, and tho latter coniplotely 
dehydrated by oil of vitriol. (Lbwig.)—2. Alcohol or acetone is distilled 
with excess of aqueous bromide of lime; tho watery stratum of the dis- 

z 2 
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tillate separated from the oil which sinks to the bottom; the latter shaken 
np with oil of vitriol; separated therefrom by a pipette; rectified; placed 
for a consi<lerable time in contact with chloride of calcium, and frequently 
agitated, to remove water and alcohol ; and finally separated Irom the 
chloride of calcium which floats upon it. (Dumas.)—3. To a solution of 
1 pt. hydrate of pota.dt or soda in -1 pt. of wood-spirit, which is kept as 
cold as po.ssihle, bromine is added from time to time, till the liquid begins 
to show colour; and the hronioform, which soon goes to the bottom in the 
form of an oily layer, is rectified over chloride of calcium, which retains 
the undeconiposed wood-spirit. (Lefort, Coinpi. rend. 23, 229.) — 
T 4. When bromine i.s addetl in successive small jjortions to a concentrated 
solution of citrate of potash, it disappears, the liquid beeoming heated 
and carbonic acid escaping. If the addition of’the bromine be continued 
till the ettcrvescenco ceases and the liquid acquires a permanent red 
colour, and the excess of bromine be then carefully removed by means of 
dilute potash, an oily colourless liquid having an aromatic odour sinks to 
the bottom. This liquid is a mixture of throe different compounds, tho 
most volatile of which is hromoform. (Cahours.) ^ 

Propertki. Transparent and colourless oil, of sp. gr. 2T3; has a 
remarkably pleasant, aromatic odour, and a cbaraoteristic sweet taste. 
(Lowlg.) Less volatile than chloroform. (Dumas.)—IT According to 
Cahonrs, its sp. gr. is 2’90 at 12°; boiling point, 152°; vapour density. 
8-03. t 

Dumas. ■ LBwig. 

2C . 12 .... 4’75 . 5’41 

H . 1 .... 0-39 . 0-4 7 

3Br. 240 .... 94-80 . 94-12 . 93 24 

. 253 .... 100-00 . lOO’OO 


DecompoiUions. 1. Vapour of hromoform passed through a red-hot 
glass tube, remains partly uudecomposed, and is partly resolved into 
charcoal and bromine vapour. (Lowig.)—2. Broraoform by itself cannot 
be set on fire; a glass rod wetted with it, and held in the flame of a 
romt-larap, renders the flame dark and smoky.' (Lowig.)— 3. Wlica 
TOiled with potash, it decomposes much more readily than chloroform, 
because it is less volatile; the products of the decomposition are bromido 
of potaMium and formiate of potash (Dumas): 


C?HBr’ -I- 4K0 = 3KBr 4- C=HKO’'. 

4. The vapour jmsed over red-hot baryta or lime, yields a metallic 
bromide, an alkaline carbonate, and a small quantity of charcoal; passed 
over red-hot iron, it yields bromide of iron surrounded with charcoal, 
ont no gas [?J. Potassium docs not act on hromoform at ordinary tem- 
^tures; but W ien boated in the vapour, it burns with a bright light, 
and forms bromide of potassium mixed with charcoal. (Lowig.) ^ 


m' . dissolves very sparingly in water, impart- 

taste and odour.—Dissolves but little phosphorus or 

aloohol, etW. .nd 
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d. Secondary Nucleus. C^Br-. 

Protobroinide of Carbon. C^Br^ 

Lowig. Das Brom, und seine ckemischen VerMltnissa. Ilciclolbovg 
(1829-42).— Ann. Pharm. 3, 292, 

Solid Bromide of Carbon, fester Bronikolilenstoff [Fonncni]. 

Preparation. Bromide is added in sucoossivc portions to alcoliol of 
36° Bin., till tlie lic[uid, wliicW lioeomcs heated, begins to ofl’crvosco, Tho 
liquid is then left to cool; alcoholic potash added till tho colour disiip- 
jiearsj then water is added, aiul the alcohol loft to evaporate at a gentle 
heat. On cooling, a lemon-yellow oil first separates out, then solid hro- 
inido of carboiij which may bo purified by solution in alcohol and preci¬ 
pitation by water.—2. Absolute alcohol is distilloil with hroniiiio, and 
the lower reddish yellow layer, consisting of liydrohromic other, 
C'‘H‘‘Br, containing free bromine, i-s agitated with potash, whoroiipou 
the decolorized liquid becomes turbid in a fow da.ys, and dopo.sits bro¬ 
mide of carbon.—3. When a inixtnro of other and bromiuo which has 
boon loft to itself for a long time is distilled, hydrobromio acid iias.sos 
over first, and afterwards liejuid bromide of carbon [])robably 0'‘Il'‘Br“]. 
On mixing the hrowui.sh residue, first with ptita.sh and tlion with water, 
solid bromide of carbon i.s immediately sojiaratod in very largo quantity, 
and maybe collected on a filter. Vdlckel, {jlnn. Phimn. 4J, 119) on 
repeating this process with various proportions of other and bromiuo, 
which wore loft to act upon each other for months, and adding potash to 
the residue of tho distillation, obtained an oil which soparnted from tho 
liquid, but nothing solid—4. When bromiuo obtained from tho .Kreiiz- 
naoh salt-spring is saturated with aqueous jiotash, and tho mixturo evapo¬ 
rated, solid bromide of carbon often separates from it in tho I'usod stato, 
having boon previously mixed with the bromiuo. 

Properties. 'NVliito, opaque, camphoroidal scales, greasy to tho tminh, 
very friable, heavier than water. Tho compoiuid molts at ,')()■', Ibrmiiig a 
transparent and colourloss oil; at 100'' it vidatilizo.s and siiblimcH in 
needles having a pearly lustre. Has a very aromatlo odour, like tliat 
of nitrous othor ; its tasto is aromntio and burulug at first, but aftor- 
wards cooling and persistently swoot. 


^ ... 1 .... U JO 

2 hr. ICO .... 93 02 . 93'92 

C=J3r2. 172 .... 400-00 


Decompositions. Tho compound burns in tho flamo of a spirit-lamp, 
omitting fnmos of hydrobromio acid, but geos out wlion romovod from 
tbo flamo. In tho fused state, it i.s instantly acted upon by chlorino 
yielding chloride of bromine [and a chloride of carbon?].—When lioateii 
with mercury, or i)as.sod in the state of vapour over red-hot ziiio-oxiilo, 
ferric oxide, or cui>rio oxide, it yields a motallio bromido and carbonio 
acid gas. Its vapour, qiassod over red-hot zinc, iron, or co 2 )|ior, is 
resolved into a motallio bromido and charcoal, without evolution of gas. 
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—Nitric, siilptiuric, and liydrocbloric acids exert no 
The alcoiiollc solution does not render a silver-solution 
is it decomposed by boiling ivitli potash. 


action upon it. 
turbid, neither 


Co 7 nbinaiions. Solid bromide of carbon is slightly soluble in 
to which it imparts its sweet aromatic taste.—Dissolves readily in a oo o 
and ether. (Liiwig.) 

This compound is perhaps C^Br^. 


e. Secondarij Ifuclew, C’CIH. 

Chloromethylase. C^CIH. 

Ghlormethyhs [ii'omail:].—Discovered by Laurent in 183G {Ann. 
CMm. Phys. 03, 382; also J. pr. Chem. 11, 236.) 

Deposited in the form of an oil when chloracetate of methyl 
(C«H*C1®0‘=C’H’0,C‘C1’0^) is decomposed by potash. It is heavier 
than water; may be distilled without decomposition; is not decomposed 
by potash-ley; is insoluble in water, but dissolves in alcohol and ether. 





Lauve.nt. 

2C . 

. 12-0 .. 

.. 24-80 

25-9 

H . 

. 1-0 .. 

.. 2-06 

2-9 

Cl. 

. 35-4 .. 

.. 73-14 

7)-2 


<?aCl . 48'4 .... 100-00 


100-0 


Bcgarfled by Berzelius {Ann. Ghim Pkys. 67, 312), as c/ilo>'ick of 
formyl, C’H,C], 


Chloroform. C’C1H,CP. 

SouBEiRAN. Ann. Ghim. Phys. 48, 131; a\so J. Pharm. 18, 1; abstr. 
/S'cAw. 65, 104.—Further: Gompl. rend. 25, 799; Souueihan & 
Mialhe. Ann. Pharm. 71, 225; JV. J. Phaimi. 16; 5; J. pr. Gltem. 
48, 86; Pharm. Genlralb. 48, 86; abstr. Jahresbe^'. 1849, 711. 
Liebig, dnn. Pharm. 1, 198; also Poyg. 24, 259. 

Dbmab. Ann. Gldm. Phys. 66, 115; abstr. Pogy. 31, 653. 

Regnaclt. Ann. Ghim. Pkys. 71, 577; also Ann. Pharm. 33, 328; 
also J. pr. Ghem. 19, 210. 

Various modes of preparation : Ann. Pharm. 19, 210. 

Purification and properties: Gregory. Proceedings of the lio7jal Society of 
Edinburgh, 1850, 39; Phai-m. J. Trans. 19, 580; Chem. Oax. 1850, 
189; Jahresber. 1850, 454, 

Perchloride of Eoimyl, Fomrylchlorid, Pei'chlorure de formyle. 
Ether hydroeMorigue de methylene iichlorurd, Eormene trichlori 

Diseovered by Soubeiran in 1831, as Ether bichloriqnej by Liebig, in 
1832, as Ghloride carbon; its true constitution was discovered by 
Dumas in 1834—t Hutmann {J. CMm. mid. [3], 4, 476) states, on 
the anOwrity of Porta’s Magm naluraUs (1567), and Scott’s Lettei-a 
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upon Demonology and Witchcraft, that it was known in former times, 
and used as a means of producing insensibility. IT 

Formation. 1. In the decomposition of C^IPCl or O'^H'CF by chlo- 
rino in snnsliine. (Regnault.)—2. In the doconipositiou of cliloral by 
aqueous fixed alkalis. (Liebig.)—3. In tho decomposition of wpod-spirit 
(Lumas aud Poligot)) of alcohol (Souboirau), or of acetono, which yields 
a larger quantity of chloroform (Liebig), by acjiicous clilorido ot liino 
containing excess of lime. Also by passing clilorino gas into alooholio 
solution of potash. (Souboiran.J—4. On mixing heavy hydrochloric other 
first with alcoholic solution of potash, then with a largo quantity of 
water. (Liebig.)—5. By boiling chloracotio aci<l with aqueous ammonia 
or pota,sh. (Dumas.)—6. By heating acolato of potash with ehlorido of 
lime (Bounet)j “IT or aeetato of soda with chloride of limo (Bilttgor, 
Folylechn. NolvMalt, 1848, Nr. 1); or acetate of soda with hypochlo¬ 
rite of soda (l{.o\c\\,Arch. Pharm. [27,1 55, G.5).—-7. By boating a mix¬ 
ture of alcohol and chloride of ethyl with chloride of limo (Piovloz-Fold- 
mann, J. 01dm. mid. [3], 4, 309.)—8. Tho oils of turpentine, lonions, 
borgainot, copaiba, and pcpporniint, heated with chloride of limo aud 
water, likewise yield chloroform. (Ghautard.) “U 

Preparation, 1. By mixing chlorine gas with gaseous chloride of 
mothyl in a vessel exposed to tho sun’s rays (p. 287); tho mixlnro of 
G*HCF and C^IPCF condensed in tho two Woull'o's bottloa is almost 
wholly convortod into chloroform, by pjus.sing chlorino gas over it for 
some time without cooling tho vessels. Tho roiuaindcr of tho C’lPCF 
which passes over at first, may bo sotiaratod by roclifioatiou with a froslt 
receiver, (llognault.)—2. By distilling chloral with excess of nquoous 
potash, soda, or baryta, or with milk of lime; agitating tho oily distil- 
lato ropoatodly with water, separating it from tho water as complotoly as 
possible by decantation, and distilling it witli six or oiglit times its 
volume of oil of vitriol in a perfectly dry apparatus. (Liebig.) — 
3. Sixteen parts of chloride of limo are mixed with water, the dooantod 
solution distilled with 1 pt. of wood-spirit, and the oil so]>aratod from 
tho .supernatant watery distillate, a.gitatod with oil of vitriol, nnd rec¬ 
tified over finely ponndod baryta. (Dumas & Pc'digot, yhm. Ohim. Pkys, 
58, 15.)—4. Tho clear decanted solution of (> pts. clilorido of limo in 
30 pts. of water, is gently boated in a retort with 1 pt. alcohol of 33“ 
Bm.; tho firo removed as soon as the nii.xturo begins to boil up, tlio dis¬ 
tillation then going on by itself till all tlio chloroform has passodovor; 
tlio distillate (wbich consists of a lower stratum of cbloroform, ami an 
upper stratum of tlie same compound dissolved in dilnto aleoliol), purified 
from froo chlorine by agitation with mercury, aud thou roctillod in tho 
water-bath; tho upper layer removed; tho lower layer introduced into 
a retort containing clilorido of calcium, loft there for several hours, and 
then distilled at a toniporaturc not exceeding 70'. (Suuboiran.)—Dunins 
agitates tho chloroform obtained by 3 and 4, after it has boon separated 
from tho watory layer, violently with oil of vitriol; separates it from 
the latter by moans of a pipotto; distils it in the wator-liath with a small 
quantity of frosli oil of vitriol; then rectifies it over oblorido of cak'iuni, 
and treats it once more with oil of vitriol. Pure cbloroform slionhl not 
colour oil of vitriol.—5. Hydrate of lime is dill’usod tlirongli 24 parts of 
water, and chlorine passed through tho mixturo till tho groittor part of 
the lime has disappoarod; milk of limo is then added in snIUoient quati- 



tity to produce an alltalino reaction j the liquid clarified by subsidence 
and decantation; 24 parts of it mixed with 1 pt. of wood-spirit, alcohol, 
or acetone; and the mixture, after 24 hours, distilled from a retort two- 
thirds filled with it. The distillate mixed with water deposits the chlo¬ 
roform, which may then be rectified in the water-bath, digested with 
chloride of calcium, and lastly distilled once more with oil of vitriol. 
(Liebig, Chim. org. 1, .676.)—6. A mixture of equal parts of acetate of 
lime and chloride of lime is distilled in an earthen retort, the chloroform 
precipitated from the distillate by water, and rectified over clilovide of 
calcium. (Bonnet, L'Institut, 1837, Nr, 196, 47; also/, pr. Ckem. 10, 
207.—Possibly thus; 

C^H’CaO' + 3(Ca0,C10) = C2HC13 + 200^ H- 4CaO + 2HO. 

IT 7, By distilling 1 pt. oil of turpentine, with 8 pts. chloride of lime 
and 24 water. The mixture must bo rapidly heated to set up the action, 
whereupon great frothing takes place and carbonic acid is evolved ; 
after this, the chloroform distils over spontaneously; the residue con¬ 
tains formic acid. The oils of lemons, bergamot, copaiba, and pepper¬ 
mint likewise yield chloroform when thus treated. (Chautard, N. J. 
Pharm. 21, 88; abstr. Conipt. rend. 33, 671 ; Instil. 1851, 402 ; J.pr. 
Ghem. 55, 117, Jahresber. 1851, 501.) According to Soubeiran (N.J. 
Pharm. 21, 94), oil of turpentine treated in this manner yields but little 
obloroform. The action is difficult to regulate; and the resulting oblo- 
roform, even if rectified below 62°, emits an odour of turpentine when 
evaporated. 

The ((reparation of chloroform has lately become an object of groat 
commercial importance, on account of its extensive use ns an ancosthetio 
ageut. Tlio following are the principal methods which have been given 
for preparing it economically from alcohol and chloride of lime: 

0 . 10 kilogrammes of commercial chloride of lime of 90° are di/Fiisod 
through 60 kil. water, and the mixture introduced into a copper still which 
it fills to about two-thirds. 2 kil. alcohol of 85 p. c. (=38° Bin.) are then 
added, the mixture quickly heated, and the distillation conducted just 
as in 4. The resulting chloroform is separated by decantation from the 
watery liquid, sliaken up with water, then with carbonate of soda, 
afterwards dehydrated by chloride of lime, and distilled. (Soubeiran, 
Compt. rend. 25, 799.) This process has the disadvantage of requiring 
the use of dilute solutions of chloride of lime, in order to avoid the 
formation of other products, so that large stills have to bo used for the 
preparation of comparatively small quantities; nevertheless, the whole 
operation does not occupy much time, and may he repeated several times 
in the course of a day. The product appears to be greater, the more 
quickly the liquid is heated before tbo commencement of the operation; 
hence it is best to mix the chloride of lime at once with hot water in the 
still.— h. 10 lbs of cbloride of lime are stirred up with 30 lbs. of water 
in a copper still, and 1 lb. of alcohol of 80 p. c. added. The mixture is 
left to stand over night, stirred up again in the morning, and repeatedly 
distilled over a wood fire. The heavy chloroform, after separation from 
the watery stratum of the distillate, is agitated with milk of lime in 
sufficient quantity to remove the free chlorine, and then rectified in a 
glass retort in the vapour-apparatus, or over a spirit-lamp. If good 
chloride of lime has been used, the chloroform obtained amounts to 5 or 
.Q ouuqes,,The . product is diminished Jb.y using alcohol either stronger 
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or weaker than SO p. c. In four distillations made with tho ahovo pro¬ 
portions, but with different chloride of lime, tho products varied from 
3 oz. 5 drill. 2 sor. to 5 oz. 3 drni. l^scr. (Monror, Aroh. Pharin. [2], 53, 
2S2; Pharni. Centr. 184 8, 154.)—c. 5 kilogrammes of burnt linio, pre¬ 
viously slaked, and 10 kil. of commercial chloride of limo, are mixed 
•with 35-40 litres of water] from 1 to 1J litre of 85 per cent, alcohol 
added] and tho mixture heated as quickly ns possible to tho boiling 
jjoint. As soon as tho neck of the still becomes hot, tho firo is removed, 
and the distillation left to go on by itself. Tho liquid which floats upon 
tho chloroform is removed, and used in tho following distillation. 
4^ litres of alcohol, in four siiccossivo operations, yield 2020 grm. of 
rectified chloroform. The chloi’oform thus obtained is at once iroe from 
chlorine, and consequently tho distillihg vcs.sels are not so much attackod 
as in Souheiran's process. (Laroequo & Hurault, J/'. J. Pharm. 13, 97J 
J. Chim. in6d. [3], 4, 150; Gompt. rend. 20, 103] Insiit, 1848, 38] 
J. pr. Chem. 43, 390] Phaiin. Cenlr. 1848, 202.)— d. 30 litres of 
water and 5 kilogrammes of good chloride of limo, are introduced into a 
stone jar standing in a copper-boiler, which servos as a water-bath, tho 
mixture well stirred, and a kilogramme of SO,per cent, alcohol imino- 
diately poured in. To the mouth of the jar is adapted a glass tubo, bent 
downw.ards, and passing into tho tubulus of a glass globe. Into tho 
latter there likewise passes a glass tube, bent twice at right anglos, its 
free extremity being inserted into a test-lubo surrounded with ice. When 
the whole is properly luted, tho water in the co))pcr vessel is made to 
boil, and tho boiling continued as long as any oily drops condonso iu 
tho tubo. Tho use of tho wator-bath presents this advantrigo, that tho 
chloroform passes over unaccompanied by aqueous vapours. A woll-con- 
duotod operation yields 250 grammes of chloroform, which aro purified 
in tho ordinary way. (Godeficn, N. J. Pharm. 13, JOlj Pharin. Genlv. 
1848, 202.J — e, 10 pounds (10 civilpfund) of chlorido of lime iiro mixed 
in a still with 18 measures {l%maass) of water; 40 oiincos of 84 jier cent, 
alcohol added] tho still-head iinmodiatoly put on, and carofully luted; and 
the receiver attached perfectly airtight. After 12 to 10 lionrs, by which 
time the luting becomes perfectly dry, a very gentle heat is applied by 
moans of a charcoal firo, so as to produce a tomporatuvo not quito 
amounting to 60^ R. (75^ C.) After three or four hours, tho chloroform 
begins to distil, and tho distillation is completed in half an hour. 
According to the moan of 17 cxpcrimoiits, tho product amounts to 9;} 
ounces. (F. Carl, Pharm. Centr. 1848, 230.)—/. A mixture of 25« 
grammes (8 oz.) of chlorido of ethyl, 125 graminos (4 oz.) of alcohol 
of 39°, 2 kilogrammes (4 lb.) of dry chlorido of limo, and 4 kilograinuios 
(8 lb.) of water is distilled, and the chloroform soj)aratod in tho usual 
way from the other products in tho distillate. Tho product is 90 grammes 
(2^ oz.) of chloroform, at an expense of 2 fvc, 15 cent. The liquid 
separated from tho chloroform is used iu subsoquont propn.rations, only 
half tho quantity of alcohol and chlorido of ethyl being then added. 
(Piorloz-Foldmann, /. Chim. mid. [3], 4, 309; hulit. 1848, HKJ; Pharm. 
Centr. 1848, 830; Arch. Pharm. [2], 56, 185; J. pr. Chrm. 44, 244.) 

g. Preparation on the large scale. (Kessler, N. J. .Pharm. 13, 102; 
Pharm. Centr. 1848, 230.) Tho apparatus used consists of ii. large i(m.il('u 
cylinder, the sides of which aro soldered with lead. Through the middle 
of tho upper cud passes a vortical rod, provided at tlio bottom with fans, 
and at tho top with a curved handle, its lower extremity turning on a 
pivot in tho base of tho cylinder. By means of this nrrangomont, the 
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mixture may be stirred up during tlie operatioDj and tlie beat thereby 
equally diffused. In the upper end of the cylinder there is also a 
wider aperture, ■which can be closed at pleasure, and through 'which 
the materials are introduced; through a third aperture is inserted 
the delivery-tube, by which the chloroform vapour is conveyed to 
the ooudensing apparatus. Opposite to this tube there passes through 
tho upiJGr base of the cylinder, a leaden tube, rvidcned above like a 
funnel, and reaching just below the surface of tho liquid. Into this 
funnel-tube, at some distance below the funnel, is inserted a steam-pipe, 
serving to convoy steam from a boiler to the inside of the funnol-tube; 
and above the point of insertion of the steam-pipe, the funricl-tuhe is 
furnished with a cook, which, when open, allows the steam to pass up¬ 
wards to tho funnel-tube, and, when shut, directs it into the mixture in 
the cylinder. This cock serves to regulate the supply of vapour, and 
tliereby regulates the heat. The chloroform vapour passes upwards 
through a worra-tuhe, enclosed in a condensing vessel, to a cooled 
Woulfe’s apparatus, the last bottle hut one of which is half filled with 
alcohol, and the last with cotton saturated with alcohol. A close¬ 
shutting wooden cask may be used instead of tho leaden cylinder. 40 
kilogrammes of tho strongest chloride of limo are introduced into the 
cyliridor, by means of a four-cornered wooden funnel adapted to its 
■widest aperture, and provided, near its lower extremity, with two hori¬ 
zontal rollers pressing against each other, as in a rolling-mill; these, when 
turned by their handles, serve to drive tho chloride of lime quickly intp 
the cylinder. 4 kilogrammes of slaked lime are next introduced in the 
same inaniior, and then a heotolitro of water, at a tomporaturo of 80° to 
00°, is poured in. Tho apparatus is now thoroughly luted, and the con¬ 
tents well mixed by turning the fans. 4 kilogrammes of commercial 
alcohol are thou poured in, together with the residues of former opera¬ 
tions. If the distillation of the chloroform does not inunedi.atcly begin, 
steam is admitted from the boiler, and stopped as soon as tho distillation 
is fairly set up. If tho evolution of vapour beoomos too rapid, cold 
water is poured in through tho fuunel-tubc. When the reaction is com¬ 
plete, steam is again admitted into the cylinder, and the contents, which 
arc now heated to 100°, frequently stirred. After 3 litres are distilled 
off, the residue contains scarcely any chloroform or alcohol. The con¬ 
tents of the cylinder are discharged by an opening in the bottom, the 
liquid portion drawn off, and used in the next operation. The alcoliol 
in tho last t'wo Woulfe’s bottles likewise serves for tho following prepa¬ 
rations, and tho process may he repeated three or four times in a day. 
1 kilogramme of chloride of lime yields from GO to fiO grammes of pure 
chloroform. 

According to Sleraerling {Arch. Phann. [2], 53, 23), the largest 
quantity of chloroform, in proportion to the alcohol used, is obtained 
from a mixture of 8 pts. chloride of lime, 1 pt. quicklime, 1 pt. alcohol, 
and 40 pts. water; tlie rectified chloroform thus produced, amounts to 
nearly one-tliird of tho alcohol consumed (S gnu. chloroform from 25 
grm. alcohol). The use of acetone for the preparation of chloroform is 
not advantageous, because tho price of it is high, and the product does 
not exceed § of the acetone used. This proportion was obtained by first 
distilling 30 grm. acetone with 150 grm. chloride of lime mixed with 
water, and rectifying the watery distillate with 40 grm. chloride of lime. 
Chloroform obtained from wood-spirit has an cmpyreumatic odour, and 
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ill a mixture of etfual parts of oil of vitriol and water. According to 
Kcssleij chloroform containing alcohol diminishes in volumo on the 
application of this test. The presence of alcohol ennsos opaloaccnco 
whoii the chloroform is mixed with water, whereas jiuro chlorotorm 
remains clear. (Miallid, J. Ghim. m6d. [3], 4, 279.)—Chloroform con¬ 
taining alcohol acquires a green colour wlien mixed with chromic acid 
or with sulphuric acid and hichromato of potash; pnro oliloroforni 
produces no greon colour. (Cottoll, J. Chim. mcd. [3], 4, 257, 401; 
J.Fharm. [3], 13, 359; J.pr. Okem. 44, 24C.)—Clilorolhrm proparod 
from wood-spirit is much loss pure than that obtained from alcohol. The 
former is specifically lighter than tho latter, has a repuhsivo cniiiyroii- 
matio odour, and produces unpleasant sensations when inlmlod. It is 
contaniiiiatod with an cmpyrouinatic oil containing ehloriiio, and hurning 
with a siiuihy flame; the proportion of this impurity is 3 pts. in 50, 
This oil is lighter than water, begins to boil at 85"', but tlio boiling point 
afterwards rises to 133“. It c.annot bo com])lctoly 60 j)ariitod by siniplo 
rectification. By distillation with sulphuric acid, it is nearly, hut not 
quite, destroyed. A similar oil, but in Binallor cjiiantity, i.s likewise 
obtained in the preparation of chloroform from alcohol; 20 kilogrammes 
of chloroform from alcohol, yielded, when reetified over tho watcr-balli, 
only 40 gram, of residue consisting of this oil. It is heavier tliini water, 
has an odour difl'orcut from that of the oil obtained from wood-ajiirit, 
and its boiling point varies from C8° to 117°. (Sonboiran & Mialhf.) 
According to Gregory, impure chloroform may bo recognized by tlio 
disagreeable odour which it loaves after evaporation, on a cloth which 
has been moistened with it, and by tbo yellow or brown colour which it 
imparts to pure oil of vitriol when agitated thoiowith. Piiro chloroform 
placed upon oil of vitriol produces a coiitaot-surfaco convex downwards; 
impure chloroform gives a piano coutact-surfaoo. To purify chloroform, 
Gregory agitates it and leaves it in contact with oil of vitriol till tho 
latter is uo longer coloured by it, then removes tho chloroform, and ])lacos 
it in contact with a small quantity of peroxide of manganeso, to free it 
from sulphurous acid. According to Ahraliam {J‘harm. J. Trann. 10, 
24), chloroform thus purified quickly dccomposos, anil is nfLorwurds 
found to contain hydrochloric acid and free chlorine. Aewu'ding to 
Christison (Pharm. J. Trans. 10, 253; Chem. Gaz. 1850, 371), cliloro- 
form keeps well after being once Irciitcil with oil of vitriol; hut the 
continued action of that liquid (especially if contamimitod with nitrous 
acid,) exerts a decomposing action upon it. IT 

Properties. Transparent and colourless oil, of spooifio gravity 1'4H0 

at 18“ (Liebig); 1-491 at 17° (Rcgnault); Tf 1-193_1-497 (Swan, 

Phil. Mag. J. 33, 38); 1-490 at 12“; tlmt of tlm inijumi ohlorofurm oliuiiiiuil 
from wQod-siiirii is oi\ly 1-41.1 (Souboiran and Mialhf); 1-500 at 15-,5“ (Gro- 
gory); 1-52523 at 0°. (Pierre.) IT—In contact with platinum wire, and 
with the baromotor at 27*7"', it boils in a dry vohhoI at fiO-H ", but in 
prosonco of water, at 57'3“ (Liebig); boils at 01“ (lloguanlt); at 70“ 
(Souboiran); at 03-5°, tho harometer being at 772-52 mm, (Piorro.)-— 
Vapour-density = 4'199 (Dumas); 4-230. (ItogiuuiU.) t Uhloroform 
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renmins liquid and transparcntat —16° (Pierre), but may be solidified by 
the cold produced by its own evaporation^ ivhen it is thrown upon a 
double filter, (lie rapid evaporation at tlie edges causes the remaining 
jiortion to solidify in white tufts. (Soubeiran it Mialhe.) ^ It has a very 
pleasant, jienetrating odour, a sweet, fiery taste, and its vapour, when, 
inhaled, produce.^ a sweet taste in the palate.—IT 1 he inhalation of a 
small quantity of the vapour eausc.s excitement, similar to that produced 
by nitrous oxide; hut a larger quantity produces insensibility to pain, in 
het, a kind of coma; hence it is extensively used in surgical operations.* 
According to Robin {Compt. rend. 30, 52), and Aiigendre {Oompi. rend. 
31, ttr.'l; 7n«<it. 1850, 362), chloroform preserves meat from putrefaction 
(200 times its weight, according to Augendre). IT 
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Chloroform-vapour. 2 . 8'2C42 

1 . 4'1321 


JD«xmpoiiiimu. H 1. Chloroform decomposes when exposed to air 
and light, with formation of chlorine, hydrocldoric acid and other pro¬ 
ducts; but when kept under water, it remains unaltered. (Marson, Pharm. 
J. Trans. 8, 69; Fharm. Centr. 1848, 831.) IT 2. At a red heat, its 
vapour appears to bo resolved, partly into scsquicbloricle of carbon and 
hjdrt^n gas, partly into carbon, hydrochloric acid and chloriue; 

St?HCP « C'CP + 2H; andCTlCU = + HCl + 01^. 


IftMames of chloroform, passed through a red-hot tube, deposit ebnr- 
e^,Md yield long, feathery crystals, having the odour of sesquichloride 
m (XJl*, together with 7 cubic centimetres of gas, of whicli four 

m sdwaW hj water, and the other three burn with a green flame. 
Ittbif.) Chferoform thus treated, yields charcoal, together with fine 
eWoride of carbon, C^CP, and a mixture of chlorine gas 
with hydwhlorie acid. (Regnaolt.) The vapour passed througlf a 


Lr remedy we are indebted to Dr. Simpson • 

»d rther. teoSe, and many other liqoids, can produce insensibility to ^pain 

rntTb” tl™ manageable. Of course greai 

if necessary. With due precaution, 
its being used in cases where 
iexT Ib Btfflrf nf it* It heart, or by marked tendency to 

^ in E'>i»t>urgb. where it must 

. ’T '“Stance of I fatal result has 

.^r tiiTt a"V‘ “ P™'’**’'® "‘thcc that the cl.loroform 

; m that due care was not 

«f th* EtMnhsrrh r>r,>, 4 i ” things can be avoided is proved by 
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red-liot, tube filled with coarsely pounded porcelain, deposits a largo 
quantity of charcoal, and yields hydrochloric acid gas, mixed with small 
ijuantitics of clilorine and a combustible gas; if the porcolain-powdor bo 
very coarse, the gas contains a large quantity of free chlorino, and in 
the cold part of the tube there is deposited a liquid which makes paper 
transparent, like an oil. (Sonbeiran.)—3. Cliloroform cannot bo sot on 
fire in the air, not even with tho aid of a wide; but its vapour passed 
into the flame of a spirit-lamp, burns with smoko; and a mixture of 
chloroform and alcohol in equal measures, burns with a very smoky flamo 
and pungent odour, producing hydroclilorio aciil. (Soubciran, Liebig.) 
It imparts a green colour to tlio flame of a candle. (Liebig.)—4. Cldoro- 
form repeatedly distilled in a stream of dry cblorino, is resolved into HCl 
and C^Clb (Regnanlt.) When exposed to the sun in a bottle filled with 
dry chlorine, cliloroform viclds liydrocliloric acid and a crystalline sub¬ 
stance, probably a cklovido of carbon, which, however, <lisappcars when 
an attempt is made to collect it, being docomposetl by the nioisturo oftlio 
air. (Laurent, An7i. Chim. Fhys, SO, 318.)—5. Chloroform licatod with 
nitric acid evolves hut a small quantity of nitrous fumes. (Soubciran.)—■ 
6 . When kept under oil of vitriol, it gradunlly give.s off vaiioiir.? of 
hydrochloric acid. (Dumas, conij>. p. 347.) Tho alcoholic solution of 
chloroform, mixed with nitrate of silver, docs not deposit any chloriilo 
of silver, even in the course of a month. (Souboiran.)—7. Boiled with 
potash-loy in a closed tube, it is resolved into fonuiato of jiotash and 
ohloriJo of potassium; but the decomposition is imperfect (Dumas): 

cnici^ + IKO = C=HKOi + 3KCI. 

Cliloroform is not decomposed by boiling with aijnoons alkalis in au 
open vessel. (Liebig.) An alcoholio solution of potash docoinposcs it 
slowly at ordinary tciuporaturca, bnt quickly on the application of lioat, 
forming chloride of potassium and a yellow volatile oil, wliick separates 
on tho addition of water, and smells like Roman cumin-oil. (Soubciran.) 
Alcoholic potash boiled for a long time with chloroform jiroduccs formiato 
of potash. (Rcgnault.)—8. Chloroform vapour passed over ignited baryta 
or lime, yields metallic chloride, carbonate, and charcoal; if the heat ho 
moderate, these products are not accompanied by any gas; but at a full 
red heat, carbonic oxide is produced by tho action of tho cliareoal on 
the alkaline carbonate. (Liebig.) Heated baryta or lime bcoomes iucan- 
doscent when chloroform vapour is passed over it, and is converted into 
metallic chloride, with deposition of charcoal and ovolution of aqiiooue 
vapour and a combustible gas. (Souboiran.)—.0. Chloroform may ho dis¬ 
tilled over potassium without decomposition; but ])uta.s.sium heated in its 
vapour takes fire with cxplo.sion, forming oblorido of potassium mixed 
with charcoal. (Liebig.) Chloroform is not docomposod by boating with 
cyanide of potassium, mercury, or silver, not oven on tho addition of 
alclioliol. (Bouohardat.) 

Comhinalions. Chloroform dissolves sparingly in water, to which it 
imparts its sweet taste. (Souboiran.) 

It dissolves phosphorus, sulphur, ami iodine (Liebig); tho iodine 
may bo removed by potash. (Bouchardat.) It is insoluble in oil of 
vitriol. 

It dissolves iodoform, depositing the greater part of it again on 
ovapor.ation. (Bouchardat.) 

Mixes in all proportions with alcohol (Souboiran); whence it may ho 
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partially precipitated by water (Liobig)j a small quantity of chloroform 
fonns, with weak alcohol, a very sweet, aromatic liquid. (Soubciran.) 
Dissolves readily in common ether. (Liebig,) 


Bichlorinated Methyl-ether. C*C1H,C10. 

Regxaclt (1839). Ann. Ohim. Flips. 71, 396; also Ann. Pliarni. 34, 
29; aha) J. pr. C'ltem. 19, 271. 

Farmyl-Aei-Bkhlorid (Berz.); Bidilorfoimather, Ether methylique 
IttcMorure [Nakafoimak^. 

Obtained by the continued action of chlorine in bright daylight on 
mono-chlorinated methyl-other. In sumsliinc the action is so violent that 
the mixture takes fire; in this case, also, C-CPO is produced. 

Liquid; sp. gr. 1-606 at 20^; boils at about 130°. Vapour-density 
6'387; smells like C’H’ClO, but fainter.—By the action of a larger 
quantity of chlorine in sunshine, it is converted into C^CPO. (Eegnault.) 
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Copulated Compounds. 


Sulphite of Bichlorinated Methylic Chloride. C“HCPj2SOh 

SnlfAUe of PerMoride of Carbon, Schwejligsaures Eolilenchlorid, ac- 
to Kolbe, who assigns to it the formula, C*Cl-,2SO ^—Methole 
tnohloromyuri, according to Gerhardt, who, with greater probability, 
by the formula, C^Y1C\\7.'S.Q\—Schwefiigsaurer 


and examined by Kolbe in 1845. {Ann. Pkarm. 54, 153.) 

Bulphurous acid, hydrochloric acid, proto- 

oftSr presence 

« water, oa toe campboroidal compound, GSCP0’=C'CPS=O‘ discovered 
by BerzeliBi & Marwt (II., 337). '-'i cnj , aisooverea 

j ^en_takes place more slowly. In both 

formed at the same^time. 

which it decomposes 

fe-Ma {fa.«e]^arate state and analyzed; but Kolbe infers 
mtmmd fonnation, that it is composed of C^CP S*0‘- 

ww + »os + 2HO = C»CPS®0< + 2SOS + 2 HCI. 
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But GerliarJt (iV. J. Pliarm,. 8, 229) niaiutainSj perliaps with greater 
reason, that its conipoaition is C*HC1'*,S''0‘, and suj>poses that its forma¬ 
tion takes place according to the following equation, which agrees 
with that of Kolbo, excepting that 1 At. leas of HCl is separated. The 
aqueous or alcoholic solution, after the excess of sulphurous acid has been 
removed by evaporation, is inodorous and colourless. 

C^Cl-'S^O-' + 2S02+ 2HO = CniCPS-0^ + 230^ + HCl. 

The aqueous or alcoholic solution thus obtained is colourless and inodor¬ 
ous, after the excess of sulphurous acid has been expelled by heat. 

When the solution is exposed to the air, phosgene and sulphuric acid 
are formed by oxidation; so that when spread out upon a surface, it fills the 
whole room with the suffocating vapours of these two products (Kolbo): 
CWS20^ + -to = 2CC10 + 2S03. 

According to Gorhardt’a formula, hydrochloric acid must bo j)roduced at 
the same time: 

C=HCPS=0' + 40 = 2CC10 + 2S0» + HCl. 

Chlorine passed into the aqueous solution rcprecipitatcs Berzelius & 
Marcet’s compound (Kolbo): 

C^Cl^S^O' + 2C1 = C=Cl'>S-0'. 

According to Gcrhardt: 

cniCPS^O^ + 2C1 = C^Cl'S-JQ* + IICl. 

Bromine forms a similar precipitate, but containing bromine ns well as 
chlorine. (Kolbo.) Iodine forms no preciiritato. The aqueous solution 
boiled with potash, yields the potash-salt of bichlorinated sulphoso- 
metliylic acid (Kollso): 

+ KO + HO = CTIKCPS^O”. 

Or, according to Gcrhardt: 

CniCPS^O'* + 2KO = C»HKCPS-0^> + KCl. 

Kolbe regards this compound, according to his formula, C®CBS“0'‘, a.s 
sulphite of chloride of carbon, C*CB,2S0'j Gejbardt, according to the 
formula which he assigns to it, viz., C®HCP,S“OS regards it as C“IiCP,2S0‘“, 
that is to say, as a compound of 2 At. sulphurous acid with snarsh- 
gas in which 3H are replaced by 3C1. Gerhardt’s formula may also bo 
written in the form C^HCl,Cl'0'^,B-0“; according to which it would bo a 
compound of hyposulphurous acid with wood-spirit, in which 311 are 
replaced by 3Cl. 


Terchlorinated Sulphosomethylic Acid. G'OPi-lO®,2SOh 

ChlorTcolilen-Unterschwefelamire (Kolbe), Acide sulfoformiqxic trichlorc 
(Laurent), Acide mHholique trichlorosulfurL 

History, Formation, aud Preparation (p. 295). 

On evaporating the aqueous solution, the acid crystallizes in small 
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colourless prisms, wliicli, after complete drying in vacuo over oil of 
and afterwards at 100', form a solid, inodorous, very aeid mas , 


Anhydrous acid (unknown) according to Kolbe. 
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C:cPSW + HO (Kolbe). C-HC1^2SO’ (Gerharat). 


The hydrated acid fuses at about 130°, begins to boil at 160°, only 
the smaller portion evaporating undecomposeil, while the greater part is 
resolved into sulphurous acid, hydrochloric acid, and phosgene gases [with 
evolution of 2 At. water]. 

C=CiniS-0« = 2SO= + HCI + 2CC10. 

The aqueous acid dissolves zinc, with evolution of gas, forming 
bichlorinated suljihosomethylato of zinc and chloride of zinc: 

C^Cl’HS^O® + 2Zn C^CPHZnS-O® + ZnCl. 

The aqueous solution of the potash-salt, C^CPHS'O®, is converted by tho 
electric current, if no free acid is present, into tho salt (p. 2D5). 

When the aqueous acid is acted upon by a small quantity of potassium- 
amalgam (1 pt. potassium to 100 mercury), C’CPHkS'O® is foimed; with 
a larger quantity of the amalgam, C’CIH’KS^O® is produced, and with a 
still larger quantity, (PH^KS-O®. These transformations are attended 
with great evolution of heat and simultaneous formation of potash and 
chloride of potassium; no hydrogen is evolved till they aro completely 
terminated. (Kolbe.) 

The acid is highly deliquescent 

It completely expels the volatile organic acids from their salts, and 
even decomposes metallic chlorides with evolution of hydrochloric acid. 
Most of its salts have a harsh metallic taste. At a red lieat, they aro 
resolved into metallic chlorides, and equal volumes of sulphurous acid and 
phosgene gases: 

CK;PKS®0« = KCl + 2SO® + 2CC10. 

They are ajluhle in water and in alcohol. (Kolbe.) 

Ammonia-salt. The aqueous acid neutralized with ammonia yields 
y spontauMus evaporation large prisms, which arc permanent in the air, 
ut when heated are resolved into sal-ammoniac, sulphurous acid and 
phosgene: 

NH^CPCPHS^O® = NH'<Cl + 2SO' + 2CC10. 

by re-crystallization: 
taste; they effloresce 
of water. The salt 
at a stronger heat, it 
a residual chloride of 


Pota^salt.—Preparation (p. 297). Purified 
pun tzMspaiOTt tables having a harsh disagreeabl 
ia the aw, and at 100^ give off 7-1 per cent (2 At 
without decomposition; bu( 
IS m the manner already mentioned; t 

ptrtawaina ia quite free frem sulphuric acid. 
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Dried at lOO”. 
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sail .—Obtained 

like . tho potash-salt. 

Thin, rhombic tables, 


■wliicli effloresce readily, and are more soluble in water than tho potash- 
salt. 

Baryta-salt.-—Preparation (p. 296). CrystalliMs on cooling from a 
hot aqncoiis solution in small colourless laniiiiaj, but by s))ontatioous 
evaporation in tables of larger size. Tho crystabs dried at 100“ still 
retain 3’05 per cent. (1 At.) of water, which osc.apos at 100". 



J)ried at 100°. 
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Lead-sail. — a. Ansio.—Tho aqueous solution of tlio salt h, boiled with 
oxide of lead, yields an alkaline liltrato, which is precipitated by tho 
carbonic acid of tho air, and when evaporated in vacuo, loaves an amor¬ 
phous saline mass. 

h. Neutral .—Crystallizes by spontaneous evaporation of tho aqueous 
solution in broad tables, whicli redden litmus, and have a swoot, rough 
taste; they contain 6-1 per cent. (2 At.) of water, which osctipo at 100°; 
decomposition begins at 150°. 
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Copper-salt .—Small tables, permanent in tho air and containing 5 At. 
water, of which only 2 At. go off at 180°, tho other throe remaining till 
the salt begins to docomposo. 

Silver-salt .—The aqueous solution evaporated in vacuo and protected 
from light, yields transparent and colourless prisims, which roddon litmus, 
have a sweet, metallic taste, blacken on exposure to light, and likowiso 
when their aqueous solution is boiled. But when freed by boating to 
100° of tho 2 At. water of crystallization which tlioy contain, they remain 
colourless in sunshine. (Kolbe.) 
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colourless prisms, which, after complete drying in vacuo over oil of vitriol, - 
and afterwards at 100", form a solid, inodorous, very acid mass, still 
containing 2 At. water. 

Anhydrous acid (unlcnown) according to Kolbe. 

2 C . 12-0 . 6 02 

H . I'O OoO 

3 Cl ......!.!..!. 106-2 53-32 

2 S . 32-0 16-00 

6 O . 48-0 24-10 


C“-HCES-0«. 199-2 

C^CPS=0« + HO (Kolbe). CPUCP,2S03 (Gerliardt). 


100-00 


The hydrated acid fuses at about 130°, begins to boil at 160°, only 
the smaller portion evaporating undeconiposed, while tlie greater part is 
resolved into sulphurous acid, hydrochloric acid, and phosgene gases [with 
evolution of 2 At. water], 

C-CPIIS=0« = 2SO= + IICI + 2CC10. 

The aqueous acid dissolves zinc, with evolution of gas, forming 
bichlorinatcd snljihosometliylate of zinc and cldoride of zinc; 

(?CPUS20« + 2Zn -- C^CPHZdS^O' -l- ZnCL 


The aqueous solution of the potasb-salt, C“CPHS^O“, is converted by the 
electric enrrent, if no free acid is present, into the salt C-hPKS^O' (p. 295), 
When the aqueous acid is acted upon by a small quantity of potassium- 
amalgam (1 pt. potassium to 100 mercury), C^CPHKS'^O® is formedj with 
a larger quantity of the amalgam, CPCTH-KS^O® is produced, and with a 
still larger quantity, C*H^KS-0“, These transformations are attended 
with great evolution of heat and simultaneous formation of potash and 
chloride of potassium; no hydrogen is evolved till they are completely 
terminated. (Kolbe.) 

The acid is highly deliquescent. 

It completely expels the volatile organic acids from their salts, and 
oven decomposes metallic chlorides with evolution of hydrochloric acid. 
Most of its salts have a harsh metallic taste. At a red heat, they are 
resol-red into metallic chlorides, and eqnal volumes of sulphurous acid and 
phosgene gases; 

(?CPKS‘0“ = KCl + 2S02 + 2CCIO. 

They are soluble in -water and in alcohol. (Kolbe.) 


AMmonia-salt .—The aqueous acid neutralized with ammonia yields 
by spontaneous evaporation large prisms, which arc permanent in the air, 
ut wucQ heated are resolved into sal-ammoniac, sulphurous acid and 
phosgene: 

NfP.CPCPHSsO' = NH^Cl + 2SO-> + 2CC10. 


Pciath~^lt.~Preparation (p. 297). Purified by re-crystallization. 
™ tables having a harsh disagreeable taste; they effloresce 

7-1 per cent. (2 At.) of water. The salt 
i'« T^ithoufc decomposition; but at a stronger heat, it 

the residual chloride of 

potaasmm i* quite free from snlphnrio acid. 
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Dried at 100°. 


Kolbe. 

2 C . 

12-0 .... 

5-06 

4-90 

3 Cl. 


44-73 

44-70 

K . 

. 39-2 .... 

16-51 

16-4.1 

2S .. 

. 32-0 .... 

13-48 

13-20 

0 O . 


20-22 

20*76 

CaCFKSSQS .... 

. 237-4 .... 

100-00 

100-00 


Soda-salt .—Obtained like , tho potash-salt. Thin rhombic tables, 
which effloresce readily, and are more soluble in water than tho potash- 
salt. 

Baryia-sall.—-Preparation (p, 296). Crystallizes on cooling from a 
hot aqueous solution in small colourlos.s lamimo, but by spontaneous 
evaporation in tables of larger size. Tho crystals dried at 109° still 
retain S'OS per cent. (1 At.) of water, which escapes at 100“. 



Dried at 100“. 


Kolbc. 

2 C . 

. 12-0 .. 

. 4-.35 

4-35 

3 Cl . 

. 106-2 . 

.. 38-.51 

. ;i8-70 

Ba . 


.. 24-87 

24-54 

2 S. 

. 32-0 . 

.. 11-00 


6 O .. 

... 48-0 . 

.. 17-11 


1 Aq. 


.. 3-2(i 

3-37 


C^Cl^BuS^O^-t-Ati. 275-8 .... 100-00 


Lead-salt. — a. .Z?«sic.-r—Tho aqueous solution of tho salt I, boiled with 
oxide of lead, yields an alkaline filtrate, which is prooipitatod by tho 
carbonic acid of tho air, and when evaporated in vacuo, loaves an amor¬ 
phous saline mass. 

h. Neutral. —Crystallizes by spontaneous evaporation of tho aquoons 
solution in broad tables, whicli rodden litmus, and havo a swoot, rough 
taste; they contain 6-1 per ocut. (2 At.) of water, which csoapo at 100°; 
decomposition begins at 150°. 


Crysiallized. Kolho. 


2 G . 

.. 12-0 .... 

S-75 

3-85 

3 Cl. 

.. 106-2 .... 

33-17 


I'b. 

.. 104*0 .... 

3-2-48 

.... 32-60 

2S . 

.. 32-0 .... 

0-!)D 


C 0 . 

.. 48-0 .... 

14-99 


2 Aq. 

18-0 .... 

5-62 

0-10 

CWPbS'O" + 2Aq . 

... 320-2 .... 

100-00 

MM 


Copper-salt .—Small tables, pormanent in tho air and containing 5 At. 
water, of which only 2 At. go off at 180°, tho other throo romainuig till 
tho salt begins to docomposo. 

Silver-salt .—The aqueous solution ovaporatod in vacuo and protected 
from light, yields transparent and colourless prisms, which roddon litmus, 
havo a sweet, metallic tasto, blacken on exposure to light, and likewise 
when their aqueous solution is boiled. But whon frood by boating to 
100° of tho 2 At. water of crystallization which thoy contain, they remain 
qolourloss in sunshine. (Kolbc.) 
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'■'> . \r.'0 .... li’«l 

''I IK'O .... C'M . 5'77 

t t ;i21'2 lOO'oF 

>iK H';;nr.l i-> ilio fiivinuldi wliicli Klionkl 1)0 nssignod to llio acids, 
{'11*;, tr and Cn[Cre»0«, vid. besides Koibo. 

tlH, kiuu'cnt {Cmpt. mnl. 21, 3G), and 

(t' tli.irdi t .V, J. t'ihtrm, i<, 2Uil). Tbo liu'innlw wbicb 1 bavo proposed 
Rsr’ I by tl>n fact llmt in Ibo dcooiupOHitimiB of tbeso acids and 

lin'ir! aili, iiulpinncwM acul is uvtilvod, iiut uu sulplmvio acid sopavatod. 


/. .s'tWKi/iU'y iViick'tts. C’CP. 

Tcrclilflrhiatcd Motliyl-Etlior. cci’.cio. 


Hiaisu i.r (IHdin. Ann. (Hiim, Phi/t. 7\, also/l7m, Ptom.81,20; 
pr. Chrm, I'J, 271. 


Kihn' iiuthiillpif ptiddorun', fnchloi'fumUllict' [AMafomeh], 

l'‘..niii d by till' Hctiim of cKbii'inn giw on luonooliloviimtod mottiyl- 
l■b>r. t ilCl'n, lii«t in bcijclit iliiyliKlit, Mum in siinsbino, wboroby it Is, 

I oi.ii. I, r.i.| into CMlfl'O, llum into fWO, part of wliioli, in con- 
tr ,0. u. r ..f It-, vidivlilifv. fiirricil fortvard by tlio clilorino gas. 

r.i.pii.l; J.p f'r. ; Imiling point about 100“; vapour-donsity 
d n'ti. i-tMiir rvlrcniidy milliicaling. 

Wbi ii tbi*. <'(.iupmiml ia treatod witli clilorino in Bunslmio for two 
il n a Huni.l ia formcl ■•luilnining OO'.'i por ooiit. of carbon and 86'11 of 
(i..r.o.< ll.mcc Mic clibirliio appearn nltiinalnly to oxpol ovon Ibcoxygon 
t. tlio fi.tm of oxygen giis'lj ami to produce O^Clb (llognaull.) 


rl 


V r 

. lu-o .. 

. 1 

Ucftnimlt. 

.... 

C-vnpour. 

It 11 

llll.-J . 

. HI-in 

.... 8.1-n2 

U-gllB. 


. H'O .. 

. I'l-ai 

.... O-f'M 

O-gna. 

11 



.... O'Ki 


1 i i’.l 111 

, .. 

, IIIO'IIO 

.... lOII'DO 



Vol. 

2 

3 

d 


Density* 
, 0'8320 
, 7•8629 
. 0-684(l 


8‘7495 
4’3 718 


Wliibil llirrcforc, llin vapouTri of C'lPO, C’lPClO, and C^HCPp Mff 
i.„n„-. tlinl of fd-ro in dialmnic. Counootod f® 

H.o.malv Mnil Mm Hpccilic, “a 

hhIv l*VU and U'"'. wlmrcaw Miow of G lK/10 arc 1 COO am ; , ■ 
,rr 4l Htloralion imml llmtvforo 

.rm.nmtomio rai.onr) baalmou duHlroyod_, of 

OTWvilv jiml lioilinia; poinli tiialcail of being iiusocl (by iTnTni’B 

a fi/ ll) llavo aoLli; boon loworod. According to tins view, Kopp» 










suggestion (Ann. Fharm. 41, 17G) that Regnault’e dotorminations of tho 
specific gravity and boiling point of this compound aro incorrect, does 
not appear to be well founded. 

T According to Gerliardt’s views, if tbe vapour I>o really diatoiuio, 
the numbers of atoms of Cl and 0 in. tlio formula sliould bo divisiblo 
by 2. Gerliardt tlierefore suggests, that the compound C*CPO may bo 
resolved by heat into CCIO and CCP (the corresponding otliyl-compoiiud 
C‘C1‘0 is decomposed in a similar manner); that tlio vapour whoso den¬ 
sity was determined by Itognault, was actually a mixture of tlioso two 
gases in equal volumes—a supposition wluoli agrees very well with 
Rcgnault’s determination—and that tbo boiling-point determined by 
Regnault is really the temperature at wliicli dceomjiositioii talcos place. V 


Terchlorinated Methylic Sulphide, C'CP,C1S. 

UEONAUI.T. Ann. Chim. Fhys. 71, 408; also Ann. Fharm. 34, 30; also 
J. pr. Ohem. 19, 279. 

Schiee/d-Tric/ilorforma/er, ZTehercklorkaUigev Sdiwefelwasserslofflither; 
Fther hydro&vlfunique de methylene perehlorurc, Sidfure de mcthyle per- 
chlorurS [Fakaformek]. 

When elilovino gas Is passed into a glass globe containing sulpliido of 
tnethy], C^I-PS, and kopt cool at tlio boginning of tbo action, tlioro is 
gradually formed a yellow oily stratum of liquid, wliloh ^oos on inoroas- 
ing, whilst the colourless layer diminishes and gradually disapjioars. Tho 
product formed at this stage of tho operation is probably C*HC1*S, dther 
wjdromlfmique de Vesprit de hois monochlorure; but it docomjiosos on boiiig 
subjected to distillation. If this yellow oil bo placed in a bottle filled 
with dry chlorine and exposed to the sun till it is no longer acted upon hy 
the chlorine, it is converted, without furtlicr formation of hydrochloric 
acid, into tlio stinking liquid which, whoa purified by distillation, is tho 
compound C’OPS. (Regnault-) 

RoKimult, 

C . 12-0 fl-04 fi'-lO 

3 a.106-2 .... 79-14 

S . 10-0 .... 11-92 

II . .... . 0-17 

C-Cl2,as . 134-2 .... 100-00 


Bichloride of Carbon. C’CP,01*. 

REONAni.T. Ann. Chim. Phys. 71, 377; &\bo Ann. Fharm. 33, 328; also 
J. pr. Ohem. 19, 210. 

Dumas. Ann. Chim. Fhya. 73, 95. 

Koube. Anw. Fharm. 45, 41 and 54, 146, 

Kohlensiiperchhrid (Kolbo), Fther hydrocklorique peivhiorurd (Rog- 
■ nault), Formene perchlorard (Gerhardt), \Keform.dle\, —-Discovorou by 
•Regnault in 1.839. , , . / . V. . 


2 A 2 











Formation and Freparation. 1. Marsh-gas decomposed hy Chlorine / 

+ SCI = C=C1< + 4HC1. 

A bottle of the capacity of 1 litre, filled with mareh-gaa, is inverted over 
another having a capacity of 3 [4] litres, filled with chlorine; the nioutlia 
connected by a narrow tube luted with clay, and the whole exposed to the 
sun’s rays. By this arrangement, the gases are made to mix and act upon 
each other very slowly, and all risk of explosion is avoided. The oil 
hereby condensed is freed by rectification from chloroform, which being 
lighter passes over first. (Dumas.)—■2. Chloroform decomposed hy Chlorine; 

CTICP + 2C1 i= C^Cl-' + HCl. 

Chloroform is gently heated in a retort attached to a receiver and exposed 
to the sun, and a stream of dry chlorine gas passed slowly but continu¬ 
ously through the tubulus. The liquid which distils over is repeatedly 
poured back, and the process continued till hydrochloric acid ceases to bo 
evolved; after which tho distillate i.s agitated with mercury to remove 
free chlorine, and then distilled again, (llegnault.)—3. Sulphide of 
Carbon decomposed by Chlorine: 

C^S' + SCI = C?C1' + 4SC1. 

Perfectly dry chlorine is passed first through a bottle (not heated) 
containing sulphide of cairbon, the vapour of which mixes with the chlor 
vine, and then through a porcelain tube filled with fj'agmonts of porce¬ 
lain and kept at a bright-red heat. In the receiver, which must be 
well cooled, a yellowish-red liquid collects, which is a mixture of bichlo¬ 
ride of carbon and chloride of sulphur, weighing considerably more than 
tho sulphide of carbon which has evaporated. This liquid is added, so 
slowly as not to produce rise of temperature, to an excess of potash-ley 
or milk of lime, tho mixturo set aside and agitated, from time to timo, 
till the chloride of sulphur is dccompo-sed. and then distilled. Chloride 
of carbon then passes over, either pure, or mixed with sulphide of carbon, 
if too much of that compound has evaporated in the chlorine gas, or if 
the heat has not been sufficiently strong. The sulphide of carbon is 
best removed by placing the mixture for some time in contact with 
potash-ley. (Kolbe.) 

Properties. Thin, transparent, and colourless oil, of sp. gr. ]\599 
(Begnault), 1-56 (Kolbe). Boils at 78° (Regnaiilt), at 77° (Kolbc). 
Vapour-density 5'330 CRognault), 5-24 (Kolbe). Smells like sosqui- 
chlorido of carbon, C^CP (Rcgnault); has a pleasant aromatic odour. 
(Kolbe.) 

Regn. Dumas. Kolbe. Vol. Density. 

2 C .... 12*0 .... 7'81 .... 7'83 .... 7*94 .... 7*85 C-vapour .... 2 .... 0’8.'120 

4 Cl... 141*0 .... 92-19 .... 91*90 .... 92*00 Cl-cas . 4 . 9*8172 

H. . 0*10.... 

-C’CB 153*0 .... 100*00 .... 100*00 .... 99*85 C^Cl'i-vapour 2 .... 10*0492 

5*3240 


The vapour of this compound repeatedly passed through a tube kept 
at a bright red heat and filled with fragments of glass, is for the most 
part resolved into chloride of carbon, C'CP, and free chlorine; at a still 
higher temperature, crystals of Julin’s compound, C^CP, are produced. If, 
on tho contrary, the tube is only at a dull-red heat, tlje product is ses- 
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quielilorIJo of carliou, ■whieli, however, is probaI)ly not Paroclay’s com¬ 
pound, C^C1“, but an isomeric body, O^CP, inasmuch as its vapour- 
dousity appears to bo only 4'082. (Regnault.) According to Kolbc, tho 
vapour is decomposed in tho red-hot tube into chlorine gas, and a liquid 
mixture of CCl [C'‘C1^] and C=CP [C‘C1'’], which, by tho action of dr_y 
chlorine in sunshine, is almost instantly convortod into tho solid scsqui- 
chloride, C®C1^ [C'‘C1'’J.—Bichloride of carbon burns in tho flamo of a 
spirit-lamp, forming vapours of hydrochloric acid. (Kolbo.)—Its vapour 
passed, together with .sulphuretted hydrogen gas, through a glass tidio 
at a low rod heat, is converted into sulphide of chloride of carbon and 
hydrochloric acid. (Kolbe.) 

C-C1‘ + 2HS = C2CFS- + 2IIC1. 

It is not decomposed by aqueous solution of potash, and but slowly by 
the alcoholic solntiou, with separ.ation of cldorido of potassium and car¬ 
bonate of potash. (Kolbo.) It may llkowiso bo distilled without decom¬ 
position, over an alcoholic solution of sulphide of hydrogen and potas¬ 
sium. (ilegiiault.) 


Sulphide of Chloride of Carhou. C=CP,S’. 

Koi.de. Ann. J^harm. 45, 43;—54, 147. 

Formation and Frcparalion. 1 . A few grammes of sulphide of car¬ 
bon are placed in a closed capacious bottio filled with dry ohlorino, and 
left for some time, cither in tho dark or exposed to tho sun. Tho ohlorino 
condonsos with tho sulphide of carbon into a reddish yellow liquid, a 
mixture of sulphide of chloride of carbon and chloride of sulphur. 
Water is added to decompose the latter, and tho sulphido of chlorido of 
c.arbon is repeatedly distilled over magnesia and water, to free it from 
adhering acid. (Wlion a few drops of sulphide of carbon are 2 )laced in 
contact with dry chlorine gas, they evaporate, and afterwards condoiiso 
into a dark red liquid, which is a mixture of hichlorido of carbon and 
chlorido of sulphur; hut if a trace of water bo jn'csont, Borzolius & 
Marcct’s cainjihoroidal compound is produced instead of this. (Kolbo, 
Ann. Pharm. 54, 148.) This last statement respecting tho action of 
dry chlorine appears to contradict tho first.)—2. Sulphido of carbon is 
placed, together with tho mixture of hydrochloric acid and inanganoso 
for evolving chlorine, in a closed vcssol for several wcoks, tho mixture 
being frequently agitated, and thou tho compound is distilled off. [By 
tho same method (yiiwi. P/jajva. 54, 152), Kolbo prcquiros Borzoliiis and 
Miircet’s camphoroidal compound: whoroin comsists tho dififoronco of tlio 
treatment?]—3. Vapour of bichlovido of carbon, mixed with suljdui- 
retted hydrogen, is jjassod through a glass tube, kept at a moderate 
red boat: 

+ 2H3 = C2CPS2 + 2HCI. 


Yellow oil, of sp. gr. about 1’4G; boils at about 70", has a powerful 
odoui', and attacks the eyes strongly. 


2 C . 


... 10'4!) 

Kolbo {approximala), 
. 10-72 

2 Cl . 

. 70’8 . 

... (il-G? 

. r)G-7() 

2 S . 

. 32-0 . 

... 27-88 

. 32-lG 

C=C1=S=. 


... 100-00 

. 90-04 
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METHYLENE; SECONDARY NUCLEUS C=C1% 

Kollie is of opinion tliat the liquid which he analyzed still contained 
sulphide of carbon. Tlic compound may be refjarded as phosgene, in 
which the oxygen is replaced by sulphur. (Kolbe.) It is slowly deooin- 
posed by potash-icy, with formation of carbonate of potash and sul¬ 
phide of pota-ssiuin, and deposition of colourless oily bichloride of carbon. 
YVater, fuming nitric acid, and other acids, exert no action upon it. 

This compound is probably nothing more than a variable mixture of 
C’CP and CS“J (Gm.) 


Copulaied Compounds. 

Berzelius & Marcet’s Camphoroidal Compound. C“Cl‘‘,S-0‘, 


Kolde. Ann. Pharm. 54, 128. 

Sulphite of Perchloride of Oarhon, Schwefir/scewes Kohlensupcvchlorid 
(Kolbo), Methyle quadrichhrosulfure (Gerhardt). 


This compound has been already described among Inorganic com¬ 
pounds (II. 837), under the name of Carhonede of Bichloride of Siil- 
phur. But as the latter experiments of Kolbe have rendered it highly 
probable that it is of organic nature, and, moreover, Kolbe has com¬ 
municated several now facta respecting it, a further description of it may 
properly bo given iu this place. 

This body is formed by the action of moist chlorine on bisulphide of 
carbon. The chlorine first forms bichloride of carbon and protochlorido 
of sulphur ; 

CS= + 4C1 = COT + 2SCli 

and this chloride of sulphur is then decomposed by the water, yielding 
sulphurous acid, sulphur, and hydrochloric acid, the sulphurous acid 
remaining in combination with tbo CCl’ : 

COT + 2SCI + 2HO = CCPSO’- + S + 2HC1. 


We cannot, however, produce this compound by the direct combination 
of bichloride of carbon, prepared in the separate stale, with sulphurous 
acid. (Kolbe.) [The equation taken twice is. 


then : 


C’S* + 8C1 = CW + 4SC1; 

+ 4Sa + 4HO = C?S2ChO^ + 4IIC1 + 2S.] 


Preparation (Kolbe, II., 337, 2). 


Properties. This body sublimes in the bottles in which it is kept, in 
transparent, colourless, rhombic tables, having an adamantine lustre, 
and often truncated on the acute lateral edges, the angles of which do 
not differ mneh^ from 60^, so that .nearly regular hexagonal prisms are 
produced. Begins to melt at 135°, boils at 170°, and may bo volatilized 
nndeoomposed, either alone or with water. Vapour-density 7-430. Tho 
vapour has a pungent odour, excites tears, and when inhaled in'rathor 
large quantity, produces intolerable irritation in the throat, but does not 
otherwise injure the health. (Kolbe, comp. 11., 337, 338.) 
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2 C . 



Kolbe, 


Vol. 

Density. 

,. 12'0 

.... 5'51 . 

... 5-4 

C-vnpour . 

.„ 2 .. 

.. 0-8320 

2 .S . 

. 32'0 

.... 14-71 . 

... 14-9 

S-vaimui-. 

... J .. 

.. 2-218(1 

4 Cl. 

. Ml'O 

.... e.G-o; . 

... 05-1 

Cl-gns . 

... 4 .. 

.. 9-8172 

4 0 . 

. 32'0 

.... 14-71 , 

... 14-6 

0-giis . 

... 2 .. 

.. 2-2180 

C’S’CUO' . 

,. 217'G 

.... 100-00 . 

... 100-0 


2 .. 

1 ., 

,. 15-0804 
.. 7-0432 


The vn.^)oiu’ of tlio coiuiiouiul passed tliroiigli a glass tube at a dull 
rod boat, is rosolvod into bichlorido of carbon and sulphurous acid. 
(Kolbo.) Iloatod with oil of vitriol it yields pUosgciio-gas, liydroohlorio 
acid, and sulphurous acid (Kolbo): 

cci=,so« + iio,so3 = ccio + nci + so’ -i- so». 

or, doubled : 

C’CV'S’Oi -I- 2(110,SO’) = 2CC10 + 2UC1 + 2S0’ H- 2S0’. 

In contact with air and water it is slowly rosolvod into carbonic, hydro¬ 
chloric, sulphurous, and sulphuric acid, tlm latter iiroduccd by the air, 
Honco it roddons litmus whou inoistoned. (Kollio.) When snspoiulcd in 
wator. It is slowly, but in the state of alcoholic solution, (luickly doemn- 
poKod by sulphurous acid, yielding sulphite of protoohlorido of carbon, 
hydrochloric acid, and sulpliuric acid : 

ecu,SO’ I- 110 + SO’ = CChSO’ + 1101 -i- SO’! 
or, according to Gorhardt (p. 3.51): 

C=Cl'S'-'0‘ + 2110 H- 2.S0’ w CniCPS’O* + IICI -I- 2S0’. 

Sulphurottod hydrogen acts on the alcoholic solution in a similar manner, 
producing, however, a precipitate of sulphur : 

CCUSO’ + IIS - CCISO’ + IICI + 2S. 

according to Gorhardt’s view : 

C’CltS’O' + 2IIS -= CniCBS’O' + IICI + 2S. 

Aqueous protochlorido of tin dissolves the compound with great evolu¬ 
tion of heat, forming a liquid which contains sulphite of protochlorido 
of onrbon and bichloride of tin : 

CCl’HO’ -I- ,$uCl CCISO’ + SnCr-'i 
according to Gorhardt, perhaps : 

2C-'C1IS’0' -I- 'ISnCl + 2110 ^ 2C=C1''I1S’0' -I- SKiiCU -I- SnO’. 

In fact, if the sedution of protochlorido of tin does not contain free 
hydrochloric acid, tho mixture yields a white proeijiitato, oven when 
tho air is excluded. (Gin.) 

Zinc or iron brought in contact with tho compound dissolved in very 
dilute, slightly acidulated alcohol, likewise produces sulphite of proto¬ 
chlorido of carbon : 

CCUSO’ + Zn ■= CCISO’ H- ZnCl | 
according to Gorhardt’s view : 
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Kolljo is of opinion that the liquid which he analyzed still contained 
sulphide of carbon. The compound may be regarded as phosgene, in 
which the oxygen is replaced l)y sulphur. (Kolbe.) It is slowly decom¬ 
posed by potasli-lcy, with formation of carbonate of potash and sul¬ 
phide of potassium, and deposition of colourless oily bichloride of carbon. 
YVater, fuming nitric acid, and other acids, exert no action upon it. 

This compound is probably nothing more than a variable mixture of 
C=C1‘ and GS*1 (Gm.) 


GopvlcUed Compounds. 

Berzelius & Marcet’s Camphoroidal Compound, C’C1*,S’0‘. 


Kolbe. Ann, Pham. 54, 128. 

Sulphite of Perchloride of Carbon^ Schwefigsauves KoJilensuperchlorid 
(Kolbe), Methyls quadrichlorosulfure (Gerhardt). 


This compound has been alrc,idy described among Inorganic com¬ 
pounds (II. 337), under the name of Carbonate of Bichloride of Sttl- 
phur. But as the latter experiments of Kolbe have rendered it highly 
probable that it is of organic nature, and, moreover, Kolbe has com¬ 
municated several new facts respecting it, a further description of it may 
properly be given iu this place. 

This body is formed by the action of moist chlorine on bisulphide^ of 
carbon. The chlorine first forms bichloride of carbon and protoohlorido 
of sulphur : 

CS= + 4C1 = CCP + 2SCli 

and this chloride of sidpbur is then docomposed by the water, yielding 
sulphurous acid, sulphur, and hydrochloric acid, the sul 2 Jhurous acid 
remaining iu combination with the CCB ; 

CCH + 2SC1 + 2HO = CCPS02 + S + 2HC1. 


Wo cannot, however, produce this compound by the direct combination 
of bichloride of carbon, prepared in the separate stato, with sulphurous 
acid. (Kolbe.) [The equation taken twice is. 


then : 


C?S< + 8C1 = CSCB + 4SC1 i 
C?C1< + 4SC1 + 4HO = (?S’CUO< + 4I-IC1 + 2S.] 


Preparation (Kolbe, II., 337, 2 ). 


PropeHies. This body sublimes in the bottles in which it is kept, in 
transparent, colourless, rhombic tables, having an adamantine lustre, 
and often truncated on the acute lateral edges, the angles of which do 
not differ much from 60’, so that nearly regular hexagonal pilsms are 
produced. Begins to melt at 135°, boils at 170°, and may be volatilized 
undecomposed, either alone or with water. Vapour-density 7-430. The 
vapour has a pungent odour, excites tears, and when inhaled in rather 
la^e quanti^, produces intolerable irritation in the throat, but does not 
otherwise injure the health. (Kolbe, comp. II., 337 , 338.) 
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2 C . 

. 12-0 ., 

... 6-51 

Kolbe. 

.... D-4 

C-vnpoui-. 

Vol. 

... 2 .... 

Density. 

0-8320 

2 S . 

. 32-0 

.. 14-71 

.... 14-9 

S-viipour. 

... i .... 

2-2186 

4 Cl. 

. 141-6 ., 

.. 65-07 

.... 65-1 

Cl-gas. 

... 4 .... 

9-8172 

4 0. 

. 32-0 .. 

.. 14-71 

.... 14-0 

O-gas . 

... 2 .... 

2-2186 

C^S^CPO-i, 


100-00 

.... 100-0 


2 .... 

15-0864 




1 

7-5432 


Tlie viipoiu’ of the coiiijjowitl passed through a glass tube at a dull 
red boat, is resolved into biohlorido of carbon and sulphurous acid. 
(Kolbe.) Heated with oil of vitriol it yields phosgene-gas, hydrochloric 
acid, and sulphurous acid (Kolbo): 

CC12,S02 + H0,SO3 = CCIO + HCl + SO= + SOK 

or, doubled : 

C-CIIS=0' + 2(HO,SO^) =■ 2CC10 + 2IICI + 2SO' + 2SO''. 

In contact with air and water it is slowly resolved into carbonic, hydro¬ 
chloric, sulphurous, and sulphuric acid, the latter produced by tlio air. 
Hence it reddens litmus when moistened. (Kolbo.) When sinspended in 
water, it is slowly, but in the state of alcoltolie solnlion, (piickly doet)ni- 
posed by sulphurous acid, yielding siilphito of protochloride of carbon, 
hydrochloric acid, and snlplmric acid ; 

CCP.SOs + HO + SO= = CCl,SO= + IICI + SO^'i 
or, according to Gerhardt (p. 3.i>T); 

C^Cl'S^O' + 2110 4- 2SO- - CniCl“S“0'' + IICI + 2S0h 

Sulphurottod hydrogen acts on tho alcoholic solution in a similar maunor, 
producing, however, a precipitato of sulphur : 

CCPSO’ + HS = CC1S0= + HCl + 2S. 

according to Gorliardt’s view : 

C^Cl'S^O' 4- 2HS = CSIlCre^^O' 4- IICI 4- 2S. 

Aqueous protoohlovido of tin dissolves tho compound with great evolu¬ 
tion of heat, formiug a liquid which contains sulphito of protoclilorlilo 
of carbon and biohlorido of tin : 

CC1=S0= 4- SnCl = CC!SO= + SnCP; 
according to Geidiardt, iierhaps : 

2C=C1'S'^0‘ 4- ISnCl 4- 2HO = 2C=CPHS=0' 4- 3SuCP 4- SnO-. 

In fact, if tho solution of protochlorido of tin doos not contain freo 
hydrochloric acid, tho mixture yields a white procij)itato, ovon when 
the air is excluded. (Gin.) 

Zinc or iron brouglit in contact with the compound dls,solved in vory 
dilute, slightly acidulated alcohol, likewise produces sulphito of iiroto- 
chloride of carbon: 

CCPSO^ 4- Zn = CCISO* 4- ZnClj 
according to Gorhardt’s view ; 

C^Cl'S-iO' 4- HO 4- 2Zii 4- S0= = CniCiaS=0' 4- ZuCl l- ZiiO.SOl 


Lastly, the compound is convorted into tho sulpliito of proLoclilorldp 
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of carbon by the action of the electric current, the change being most 
easily produced by the use of two electrodes of amalgamated zino. 

The compound heated with aqueous potash, is resolved into tcrchloro- 
sulphosoraethylatc of potash and chloride of potassium (a small quantity 
of sulphuric acid is obtained at the same time, having been previously 
formed in the moist compound by exposure to the air): C"-Cl^S^O* + 2KO 
= TOPJCS^O'+KCl. 


g, Secondary Nucleus. (C^N^O®). 

Chloride of Binitromethylene. C®X®,CP. 

Marionao (1841). Ann. Pharm. 38, 14. 

[Z^e/omot.]—The compound C“PP,GP \Konofle\, is distilled with 
concentrated nitric acid, till nearly all the acid has passed over, and tho 
acid distillate, from which part of the new product has settled down in 
the form of an oil having a pungent odour, is again distilled; tho oil 
then passes over first. It is washed, and afterwards distilled with 
water. 

Transparent, colourless liquid, of specific gravity 1’CSS at 15°. By 
itself it does not boil till heated above 100°, but when distilled with 
water, it passes over at the beginning with a portion of tho water. 
Neutral towards vegetable colours. ■ Has a very pungent odour, like 
that of chloride of cyanogen; its vapour attacks tho eyes powerfully. 

Does not act upon mercury at ordinary temperatures, but when 
heated with that metal, covers it with a film of calomel, and is converted 
into a vapour, which is resolved, with slight explosion, into chlorine, nitric 
oxide, and carbonic acid gas.—Insoluble in aqueous potash, but dissolves 
readily in alcoholic potash; tho solution, tlien deposits a potasli-salt, 
which detonates when heated.—Almost insoluble in water, sparingly 
soluble in nitric or hydrochloric acid; dissolves easily in alcohol and 
ether. (Marignac.) 

Marignac. 


2 C . 

. 12-0 . 

... 0-87 

7-04 

2N . 


... 1C'02 

10-29 

8 0 . 

. 64-0 . 

... 36-61 

,35-84 

2 Cl. 


... 40-50 

40-83 

C®X3,Cia . 

. 174-8 . 

...100-00 

. 100-00 


h. Secondary Nucleus. C®Ad® (C®N®H''). 

Urea. = C“Ad®,0®. 

Foororoy & Vatjotjelin. Ann. Ckim. 32, 80; also Grell, Ann. 1800, 
1, 149 and 30, 244 and 342.—Ann. du Mus. 2, 22G; also N. Geld. 
6, 409. 

pRonsT. /. Phys. 56, 113; also A. Oehl. 3, 332.—Ann. Chim. Phvs. 14, 
265. 

Vauqublin. Ann. Qhim. Phm. 25. 423; also Sekw 49. 
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Pbodt. Ann. 1‘hil. 11, 332; also Ann. Chini. Phys. 20, 360; abstr. 
Sc/m. 22, 449. 

WbnLEB. Poyy. 12, 253; 15, G1.9. 

Libbiq (& WoiiLEB. Poffy. 20, 372. 

Mobin. Ann. Ghim. P/tys. Gl, 5. 

Dumas. Ann. C/tim. P/iys. 44, 273; also Scliw, Gl, 98; also Pogg. 19, 
487. 

0. Henby & Cap. J. Pharm. 25, 133. 

Pelouze. N. Ann. Ghim. Phys. 6, G5; also Ann. Pharm. 44, 102; also 
J. pr. Ghent. 28, 18. 

R. F. Marcuand. j. pr. Ckati. 34,248; 35, 481.— Pogg. GG, 118 and 
317. 

W. Heintz. Pogg. GG, 118; G7, 104; J. pr. Cliem. 42, 401. 

Wertuer. j. pr. Cliem. 35, 51. 

Bunsen. Ann. G/t. Pharm. 65, 375; Pharm. Gentr. 1848, 117; iV7 J. 

Pharm. 16, 151; Jahresber. 1847-8, 989. 

Millon. Qompt. rend. 26, 119; Pharm. Gentr. 1848, 189; Jahresber. 
1847-8, 991. 

Gladstone. Ann. Pharm. GG, 1; Pltarm. Gentr. 1848, 037; Jahresber. 
1847-8, 488. 

TIarnstqf, Urenoxyd-AmnvinkOi, Urde. —Obtained in an iinpiiro stato 
as Extractum Saponaceum Grince by llouollc tlio younger in 1773; 
afterwards prepared in a stato of greater purity by Fouveroy & Vauquoliu 
in 1799. 

Sources. In human urine, in the free state, to the amount of 2 to 4 
23cr cent.* In the urine of all mammalia, being particularly abundant 
in that of the carnivora. In small quantity in tbo urino of all carni¬ 
vorous birds (Coindot), of the goose (J. Davy), of the dovo and canary- 
bird; also in that of the boa (Cap & 0, Henry, J. Pharm. 23, 137); moro 
abundantly in the urino of toads and frogs. (J. Davy.) The statemonts 
of Persoz (Ghim. moldoulaire') and of Morin, that uroa does not o.Yist 
ready formed in urine, but is produced only under certain cirouinstancos; 
and of 0. Henry & Caji, that it is oonibined, in the urino of man, with 
lactic acid; in that of herbivorous quadrupeds, with hippuric .acid; and 
in that of birds and serpents, with uric acid—havo boon disproved hy 
Lecaim (Ann. Ghim. Phys.7i, 00; also J. pr. Ghem. 21, 302), and hy 
Pelouzo (JJ. Ann. Ghim. Phys, C, GC).t—2. In tho blood of dogs, after tho 
extirpation of their kidneys. (Provost & Dumas, Ann. GIdm. Phys. 23, 90; 
Vauquelin & Segalas, Magendie, J. da Physiol. 2, 3.54; Mitschcrlich, 
Tiedmanu & Gin. Pogg. 31, 303.) In tho blood of a shoo^i whoso ronal 

* Millon states that in healthy Iniraan ui'ino there is a certain correspondence 
between the specific gravity and the pcr-centago of Urea, the .second and third digits in 
the sp. gr. (A) nearly e-xpressing the quantity of uroa contained in 1000 jiarts of 
urino (C); thus, the sp. gr. being taken at 15° : 

A I'OUG I'OOIG 1-0092 1-0277 I'OM.I I'OllO 1-0200 1-0290 

B 11-39 4-39 9-88 29-72 11-99 lO-GO 2.5-80 31-77 

No such correspondence is found in the urino of tho lowor animals, or in that of man in 
a state of disease or wlien tlie mode of living is .somewhat disturbed. (Compl. rend. 20, 120; 
Pharm. Cmlr. 1848, 189; Jahresber. 1847-8, 92.5.) [W.] 

-|- Liebiv also finds tliat lactic acid does not occur in urine, cillior frcesl, or milrhl. 
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nervea had heen tied (even the Llood which issued on the last day of 
the animal’s life was found to be rich in urea). (Marchaud, J. pr. 
Chem. H, 455.) In the blood of cholera patients, wlicn they have not 
voided any urine for several days. (Marchand, Po(jg. 44, 328; J . pr, 
Chem. 11, 449.) Also in that of patients sufFeriiig from albuminuria, 
(Garrod, Transac. med. .chir, 31, 83.) In the blood of a healthy cow, 
cognizable only by the octahedral crystallization of the chloride of sodium 
mixed with it. (Marehand, J. pr. Chem. 14, 490; comp, also Prout, 
Land. Med. Gat. 1831, June; also Froviep’s Noiiten,^ 32, 22.) Verdeil 
& Dollfus ifiompt. rend. 30, 657) likewise found it in ox-blood.—3. In 
the liquid of a Hydrocele (Marchand, J. pr, Chem. 14, 490); in the 
dropsical fluid of three patients suffering from Ascites, in whom great 
retention of urine had taken place, the proportion being ^ per cent. (Mar¬ 
chand, Fogg, 38, 356; and Muller’s Arch. J. Physiol. 1837, 440.)—4. In 
the human h’juor aOTwji. (Wohler, Amw. PAorm. 58, 98.) IT J. llcgnauld, 
{Gompt. rend. 31, 218), found in the amniotic liquid of women about 1’2 
per cent, of solid constituents, and among them urea, which was recog¬ 
nized by evaporating the liquid at 100° to one-third of its bulk, then to 
dryness in vacuo over oil of vitriol, exhausting the residue with alcohol, 
evaporating to dryness, and dissolving out the urea froni the residue with 
ether.—4. Stas {Compt. rend. 31, 629) found urea in the allantoic liquid 
of women; also in the blood of the placenta, the liquid part of which 
consists almost wholly of casein.—5. In tho eye, according to Millon 
(fiompt. rend. 26, 121). The residue left on evaporating to dryness the 
vitroous humour of the eyes of oxen (which residue amounts to 1'63 per 
cent, of the liquid) contains from 20 to 35 per cent, of urea, tho remaining 
portion appearing to consist entirely of chloride of sodium. Tho vitreous 
humour of man and of tho dog has the same composition. Tho aqueous 
humour likewise contains urea and chloride of sodium. *1 


Formation. 1. Aqueous cyanic acid, C'*NH,0^, comhiues with 
aqueous ammonia, forming cyanate of ammonia, whicli, oven at ordinary 
temperatures, yields cyanic acid when treated with acids, and ammonia 
when treated with potash. But when this compound is heated or aban¬ 
doned to spontaneous evaporation, the atoms unite in tlio form of a new 
substance, which no longer exhibits the preceding reactions (Wohler), 
NH’,C’NHO’=CWIv’’0’. Hence, also, urea is produced on evaporating 
ojfanate of lead with aqueous carbonate of ammonia, or cyanatc of silver 
mth aqueous sal-ammoniac, inasmuch as in either of these eases, cynnato 
of ammonia is formed by double decomposition. Similarly, the aqueous 
solution of (yanogen yields urea by spontaneous decomposition, cyanate 
of ammonia being formed in the firat stage of tho process, and afterwards 
converted into urea as tho liquid evaporates. (Wohler.) If the formula 
of urea be C°Ad*0*, we must suppose that not only tho nitrogen of the 
^monia, but likewise that of the cyanic acid is converted into amidogon. 
“ ■*fQ|m>nato of copper and ammonia decomposed by sulphuretted liydro- 
gen, likewise yields urea.—1 At. fulminate of copper and ammonia and 
1 A* hydrogen, yield I At. sulphide of copper, 1 At. urea, 

I At. hiydroBulphooyamc acid, and 2 At. water: 

W*'0*,NH<0,Cu0 + 3HS = CuS + C^NVU-ios + C^NSUI + 2HO. 

Pharm. 66,1.) Tho possibility of this transformation 
(Lancet, Deo. 1844.) IT-— 2 . Oxaluric acid 


w»s 
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boiled for a long time with water is resolved into urea and oxalic, acid. 
(Liebig.)—3. Uric acid subjected to dry distillation (Wblilor), or to tbo 
oxidizing action of peroxide of lead, bicbvoinate of potash, or nitnc acid, 
yields urea, together with other products of dccoinpoeition. (Liobig & 
Wohler.) Also when oxidized by permanganate of potash. (Gregory.)— 

4. Oxaniide passed in the state of vapour through a glass tube heated to 
redness for the length of 2 inches, yields, among other products, a large 
quantity of urea. 

Preparation. 1. The urine of man [or better, that of lions or 
tigers, which yields the urea in larger quantity and less coloured] is 
evaporated, first over the open fire, and then in the ^valcr-hath, to tho 
consistence of honeyj the residue boiled with a fourfold qu.antity of 
alcohol of 3G° Bm.; part of the alcohol separated from the filtrate by 
distillationj the solution left to cool, and tho urea which separates, 
purified by repeated crystallization from water, or better from alcohol. 
(Fourcroy & Vauqnclin.) 

2. a. Urine evaporated to the consistence of a thin syrup is mixed 
with an equal volume of nitric acid of 24° Bm.; the mixtiiro surrounded 
with ice for several hours; the liquid decanted from tho precipitated 
nitrate of urea; the precipitate wa.shed on a filter with a small quantity 
of ice-cold water; well pressed between bibulous i)apor; dissolved in 
luke-warm water; decomposed by neutralizing tho acid with carbonate 
of potash; evaporated; and tho urea scpai-atctl from the nitre hy alcohol 
of 40° Bm. from which tho urea crystallizes on evaporation. (Fourcroy & 
Vauquelin.)— b. Prout pours upon tho nitrate of urea prepared according 
to (2. a), a quantity of a concentrated solution of carbonate of potash 
suffioioiit to render the liquid perfectly neutral; then evaporates and cools 
the solution; decants the liquid from tho nitre which has crystallized out; 
mixes it with enough animal charcoal to make it into a paste; washes 
this after a few hours with water; filters; evaporates slowly to dryness; 
boils the colourless residue with alcohol; filters to separate tlio nitre and 
other salts; and crystallizes the urea several times from alcohol.— 
c. Morin digests the nitrate of urea prepared by (2. a), which still retains 
a yellow tiut from the colouring matter of tbo urine, with w'ator and 
crude bono charcoal; filters; and .adds carbonate of potash to precipitate 
the lime dissolved out from tho bones; evaporates tbo filtrate to the con¬ 
sistence of a syrup, which crystallizes on cooling; boils the residuo with 
alcohol of 40° Bm.; filters tbo liquid; leaves it to cool; and crystallize,s 
tho resulting crystals once moro from alcohol.— d, Kubrzor (./. Science 
physiq. 4,170) mixes the evaporated urine in the cold with an equal volume 
of nitric acid of 33° Bm , and proceeds with tho rest of tho process in the 
same mamior, excepting that ho finally digests tho urea in tbo state of 
aqueous solution with tho precipitate obtained hy adding carbonate of 
potash to subaootiito of lead. Tho crystals thereby obtained are colour¬ 
less. Ill winter, according to Kniirzor, the urine may bo coiicontratod by 
freezing instead of ov.aporatioii.— c. Proust boils the nitrate of urea 
obtaiiiod by (2. a) with white load and water; filters and ovajioratos, 
whoronpon nitrate of load crystallizes out; procipltatc.s tho romiundor of 
that salt by addition of alcohol; filters; distils olf tlio alcohol; roinovcs 
tho yet roiiiaining load by liydrosulpliuric acid; filter,s again; and leaves 
the area to crystallizo.— -f. The nitric acid iiin.st bo free from nitrous acid, 
which would docoinposo tbo urea. If tbo procipitiitcd iiitruto of urea is 
.coloured, it cannot woll bo purified by anliiial cliarcoal. It is bettor in 



tliat case to separate the urea from it, and rcprecipltate by nitric acid. 
The nitrate of urea must then be digested with water and carbonate of 
baryta, tlic solution evaporated, and the urea extracted from tlio residue 
by alcohol of medium temperature, because hot alcohol would also take 
up a small quantity of nitrate of baryta. (Wohler.)—y. Instead of pre¬ 
cipitating the syrup obtained by evaporating tlie nriuo with nitric acid in 
the cold, it may bo precipitateef hot; in that case, instead of the coloured 
crystals, colourless crystals will bo obtained in equally largo quantity; for 
urea is hut little decomposed by nitric acid, even when hot. (Cap & Henry.) 
— h. The decoloration of nitrate of nrca is best offcctod by distilling 1 pt. 
of it with 3 pts. of a mixture of 1 vol. colourless nitric acid, of sp. gr. 
1'401, and 2 vol. alcohol of 35'" Bm., till crystals of nitrate of urea begin 
to form on the surface of the residual solution. Nitric ether passes ovor 
in the distillation. (Millon, N. Ann. Ghini, Fhys. 8, 23.').) 

3. Tlie evaporated urine is dried as completely as possible in the 
water-bath; the residue completely exhausted with absolute alcohol; the 
alcohol distilled off from the filtrate; the yellow residue dissolved in a 
small quantity of water; the solution digested with a small quantity 
of the charcoal obtained in the preparation of ferrocyanidc of potassium 
{Mutlatigeniohle), whorehy it is nearly decolorized; and the filtrate 
saturated at 50“ with crystallized oxalic acid. The liquid, on cooling, 
yields colourless crystals of oxalate of urea. If tho liquid be heated to 
100°, it becomes dark brown, acquires a bad odour, and yields red-brown 
crystals; whioh, however, may be deoolorizod by obarcoal obtained from tho 
preparation of ferrocj'anide of potassium. The mother-liquid gently ov.apo- 
rated, and, if necessary again mixed with oxalic acid, yields an additiounl 
crop of crystals. The whole of the crystals, after being freed from the 
mother-liquid by a small quantity of iec-cold water, are dissolved in 
boiling water; and the solution, nii.xed with a small quantity of tho animal 
charcoal abovo-nieutioned, then digested, filtered, and cooled, yields 
oxalate of urea in snow-white crystals. The mother-liquor, if further 
evaporated and cooled, crystallizes to the Inst drop, and at first yields an 
additional quantity of colourless crystals. The colourless crystals are 
dissolved in boiling water; the solution mixed with very finely pounded 
carbonate of lime till it no longer reddens litmus; then filtered and evapo¬ 
rated; and from the dried residue, which likewise contains small quan- 
toes of oxalate of ammonia, potash or soda, the urea is extracted by 
absolute alcohol. (Berzelius, Poyg. 18, 84.) 

4. a. 0. Houry [J. Plm-m. 15, 161) mixes tho fresh urine with 
excess of subacotate or hydrated oxide of lead; pours off tho liquid from 
the precipitate; adds to it enough sulphuric acid to precipitate tho lead, 
and convert^ the acetates into sulphates; mixes the filtrate with animal 
ejn^oal; boils it rapidly; strains tho thin syrup through a thick linen 

filtrate further by one-third; oools it, whereupon it 
lojte m a yellow crystalline mass ; subjects this mass to pressure; 
by mother evaporation, cooling, and pressure, to obtain more 
expressed mothor-liq^uid; treats the whole of the crystals 
.. quantity of carbonate of soda, to decompose any acetate of 

t'w 1 and would dissolve in alcohol; then digests 

V!a»n nT,j buiM obtained, by once more dissolving them in 

vnalobtained by this process is at most 
i'lviiSiTeii ky ( 2 \ chloride of sodium, whereas that which is 

w contein nitrate of potash or ammonia.— 


or ammonia.- 
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b. Morin precipitates tlic evaporated urine with subacetato of lead; tbrowa 
down the lead from tbo filtrate by sulpbiirettcd liydrogon; filters and 
evaporates; exliansts the residue with boiling alcohol ; evaporates tlio 
filtrate to dryness; dissolves tbo residue in water; precipitates by nitric 
acid; and treats the nitrate of urea by one of the preceding methods. 

5. Cyanide of potassium is prepared by fusing the ferrocyanide with 
carbonate of potash, and thence, by fusion rvitli litharge, cyanato of 
potash (j. ».) is obtained. The cyanate, without further purification, is 
dissolved in water; an aqueous solution of sulphate of ammonia added 
[about equal parts of the two]^; the mixture evaporated over the water- 
bath, and freed, as far as possilde, from the crusts of sulphate of potash 
which form upon it; and tlie dried residue finally obtained is boiled with 
alcohol of 80 or 90 per cent. The solution filtered from the rest of the 
sulphate of potash, yields by cooling and further evaporation of the 
mother-liquid, colourlcs.s crystals of urea, amounting to ^ of tho forro- 
cyanido of potassium used. (Liebig, Ann. Pharin. 08, 108; 41, 289.) 
This is the most productive and the cleanest method of preparing urea.— 
IT According to Clemm {Ann. Pkarni. (51, 250), the cyanate of potash 
is best prepared by gradually adding 15 parts of red lead to tho fused 
and somewhat cooled but still liquid mixture of 8 pts. ferrocyanide of 
potassium and 3 pts. carbonate of potash, especial care being taken that 
the temperature do not rise too high. Tho crucible is then again put into 
the fire, and tho mixture stirred, poured out, and left to cool. To obtain 
urea from this product, it must bo immediately digested and washed in 
cold water; sulphate of ammonia- (8 pts. for tho above proportions) 
dissolved in the last wash-water; tho mixed solutions ovaperatod, and tho 
process com])leted as usual. Any ferrocyanide of potassium that may bo 
present in the alcoholic solution is easily removed by carefully adding 
ferric sulphate, and decanting tbo solution from tbo Prussian bine thereby 
produced. By this process, 8 pts. ferrocyanide of potassium yield from 
4 to 5 pts. of uroa. IT 


Properties. Transparent, colourless prisms, needles and lamium (somo- 
tiincs yellow or brownish from impurities). Square prisms, sonictlmo.s por- 
poudicularly truncated, sometimes hcvolled with two faces resting on 
two of tho opposite lateral faces at ono end, and on tho two otlicr lateral 
faces at the other end. (Werther.)—Uroa which crystallizes, not in 
prisms hut in lamina?, is impure, and leaves an alkaline residue when 
ignited. (Wohler.)—Sp. gr. 1‘3.5. (Proust.) Tho aqueous solution of 
urea does not exhibit circular polarization, and is thereby distinguished 
from the natural alkaloids. (Biot.)—Fuses at about 120°. (Wiihlor.) 
Inodorous (it is only when impure that it smells like urino). Has a 
sharp cooling taste, and exerts a diuretic action. Exhibits neither acid 
reaction on litmus, nor alkaline on violet juice. 
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0. Henry {J. Pliarm. 19, 18) obtained 4G-()1 percent, of nitrogen. 
Varrontrapp & Will {A.nn, Pharm. 39, 278) ohlainod 4C‘79.—Crystal- 







METIIYLI3NE: SECONDAHY NUCLEUS C^A#, 


366 


lizecl uroa, loses nothing at 100° (Liohig & WoWor); the 2 per cent, of 
water 'which, according to VaiKpolin, it gi'Ves off in vacuo over oil of 
vitriol, -was probably dno to hygrosco^iio moisture and adhering mother- 
liquid.—The uroa analyzed by Prevost & Dumas [J. Fkys. 05, 218) was 
obtained from the blood of a dog whoso kidneys had boon extirpated. If 
urea be regarded as CD\.d-0“, a view which is supported by its reactions 
with oil of vitriol, potash, and water, wo mu.st suppose it to bo formed 
from an unknown bibaaic acid, C’I-PO''j for, 

0-H=0» + 2NH3 - 4HO = enUNsOb 

just as oxalic acid, C*I-PO®, with 2 At. ammonia, yields oxamidcj 
and 4HO. At all events uroa cannot, for the reasons assigned 
on page 3G2, bo regarded as cyaiiate of ammonia; that compound, in fact, 
exhibiting totally different chemical relations. 


Decompositions. Uroa is decomposed by dry distillation somewhat 
above its melting point, and is resolved for the most part into ammoniacal 
gas and a residue of cyanuric acid. If the heat bo continued, the decom¬ 
position-products of that acid make their appearance (WBhlor): 

= SNIP + C'’IPN''0'’. 


Urea when fused gives off pure ammoniacal gas, and becomes continually 
more turbid, viscid, and pasty, yielding white granules of cyaiuirio acid, 
till finally the evolution of ammonia ceases, and the residue solidifies to a 
dirty white, pulverulent mass of cyanuric acid. Tlio rcsiduo dissolves in 
a considerable quantity of boiling water fwith tho exception of a small 
quantity of dirty white matter accidentally present), and tho solution 
melds nothing but crystals of cyanuric acid. If tho heat be discontinued 
before the ammonia is entirely driven off, the residue consists entirely of 
cyamirate of ammonia, with a small quantity of still undeoomposod urea, 
If the heat bo continued after the evolution of ammonia has ceased, tho 
cvanurlc acid volatilizes in the form of cyanic acid. As tho vapour of 
this acid still meets with ammonia in the app.ar.atns, it unites with that 
substance, arid condenses in the form of a white sublimate of cyanato of 
ammonia, which, when dissolved in water and evaporated again, yields 
urea (p. 362), and when treated with hydrochloric acid, yields, in addition 
0 cyauic acid, carbonic acid resulting from tho decomposition of tho 
ortne^ This oircumstanoo formerly led to tho erroneous opinion that 
e snb consists of carbonate of ammonia. The sublimate does not 
nifon. ^oid. That portion of tho cyanic acid which finds 

tippears in tho form of a liquid distillato, 
^ insoluble cyanuric acid. (Liebig & Wohler.)—* 
ston^^ryi off. ofidc'- certain circum- 

oarbonato of with carbonic acid and 

of the comnomi 1 oot'sists, not of cyanuric acid, but 

^ the^compound raw. (Liebig & jWbhler, Ann.Fharm.SiMu 
n\ace* diiriiicT oiLiebig & Wohler, this decomposition 
Soil's on thn nn according to a later obsorvatioh of 

; as ooty 'Vhon tlie distillation is 

inf/ wot *■'''8 case, the urea is said to bo 

“id, and CWI-PO*; such decom- 
*Weai8 to be that wVequation; tho real decom- 
^^^®86eted in the following equation 
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Urea gradually heated in a retort, melts, becomes viscid, yields a subli¬ 
mate of carbonate of ammonia, and leaves a dry opaque mass, which 
volatilizes when further heated, sublimating in the form of a whito crust 
with yellow spots. This second snhlimato is tasteless, and dissolves very 
sparingly in hot water, forming a solution which reddens litmus, and on 
cooling deposits crystalline grains resembling urio acid. (Fouroroy & 
Vauquelin.) — According to Front, a portion of tko urea sublimes 
undecomposed. According to Proust, the urea first gives oft water, then 
a large quantity of carbonate of ammonia, and lastly a small quantity 
of oil, leaving behind a trace of carbon j hydrocyanic acid did not 
appear to bo given off.—2. In th& open fire, urea volatilizes without 
residue, giving off an odour of ammonia. (Ponreroy & Vauquelin.)—When 
chlorine is passed through the aqueous solution of iiroa, carbonic acid and 
nitrogen are evolved. The residue when distilled yields .aqueous hydro¬ 
chloric acid; afterwards, wlicn it has bcconio dry, a snhlimato of carbonate 
and hydrocblorato of .ammonia together with benzoic acid; but tiroa is 
not compleloly decomposed by chlorine. (Ponreroy & Vauquelin.1 
^ According to Wurtz (Gompt. rend. 24, 43C; A7i7i. I'harm, (i4, 307) 
dry ohlorino gas passed through molted urea, forms cyaiiurio sieid, sal- 
ammoniac, hydrochloric acid, and nitrogen. IT—4. Nilrom^ acid, as well 
as nitric acid, which is coloured by nitrous or hypoiiitrio aci<l, docomposoa 
urea completely at ordinary toniporaturos, yielding water, nitrogen, and 
carbonic acid gas (Millon, A. Ann. Chim, l^hys. 8, 233; also •/. pr, 
C/icm. 30, 370): 

H- 2N05 = 4110 + 2CO= -h 4N. 

(Compare, however, Liebig & Wtililor, Ann, P/mm. 20, 2G1.) 

IT Urea is likowiso resolved into carbonic acid and nitrogoJi by tho 
action of a solution of mercurous nitrite in nitric acid; and if tho oarbonio 
acid bo rcooivod in Liebig’s potash-apparatus, tho quantity of uroa may 
be very exactly determined, being equal to that of tho carbonic acid 
multiplied by 1’371. (Millon, Com.pl, rend. 20, ilO.) V—5. Colonvloss 
nitric acid docs not doconiposo urea at ordinary tomperaturos. (Millon.) 
Even when it is added in oxcoss to tlio urea, and ovaporatod at ii 
temperature between 60° and 80°, undecomposed nitrate of uroa remains 
mixed with a very small quantity of iiitrato of ammonia. (liointz.) Fuming 
nitric acid decomposes urea with strong offervesconco, yielding nitrogen, 
nitrons gas, carbonic acid, and nitrate of ammonia. Uiluto nitric aoid 
slowly and continuously heated in a distillatory apparatus with (impure) 
urea, gives off, with slight effervescence, nitrogen, nitrous gas, carbouio 
acid, hydrocyanio acid, and an oil, till, after two days, the rosiduo 
becomes thick, and explodes with violonco. (Ponreroy & Vaucmolln.) — 
0. Urea boiled with oxcoss of oil of vitriol is completely resolved into 
carbonic acid gas and sulphate of ammonia (Dumas) : 

+ 2110 = 2C02 + 2NIP. 

Tho w.ater required for this decomposition is 6upi)llcd by tho oil of 
vitriol. [In all such decompjositions of urea, wlion 2liO is added, 
100 parts of urea must yield 73 33 carbonic acid and 6G'07 ammonia, 
together = 130 pts.]—10 grarauics of uroa decomposed in this nianiior 
yield 8781 cub. cent, of carbonic acid gas at 0°, and under a pre.s.sure of 
0'70 met., corresponding to ID'S) per cent, of carbon. (Dumas.)—On tbis 
relation are founded the methods of dotonniniiig tho quantity of uroa in 
urine proposed by Holutz (Poyy. 66, U4; 68, 393) and llagaky, (rlwi. 
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rkarm> 5G, 39.) With attention to certain precautions, the proportion 

of urea may be very exactly estimated by boiling the urine with oil ot 
vitriol, and ascertaining either the iiuantity of carbonm acid evolved, or 
the quantity of ammonia precipitated in the form of chloroplatmate ot 
ammoniuiii.—With anhydrous sulphuric acid, urea evolvc-s a considerable 
dcf-reo of heat, and yields a compound which dissolves in water with 
ffreat rke of temperature, forming a solution from ■wliich, after a while, 
fiulifhate of ammonia separates. (Liebig & Wohler.)—Urea iu the state 
of very dilute solution is not decomposed by sulphuric acid, phosphoric 
acid, or monophosphate of soda. (Lehmann, pr. Ckem. 25, 5, & 

Strong hydrochloric acid does not decompose urea in tho cold,^ and but 
very slowly at a boiling heat, a small quantity of sal-ammoniao being 
then produced. (Heintz.)—7. Urea heated with hydrate of potash is 
almost wholly resolved into ammonia and carbonate of potash. (Lumas.) 
—Common hydrate of potash containing more than 1 At. water gives off 
less ammonia; but if it be freed, from excess of water by ignition, mixed 
witli 0'3 grin, of urea, and gradually heated to commencing redness, tho 
neck of the retort being filled with lumps of hydrate of potasli and made 
to dip under niorciiry, 214'8 cub. cent, of ammonia are evolved, corre- 
Bponding to 45'.3 per cent, of the nitrogen in tho urea. (Dumas.)— 
8. Urea dissolved in water is not decomposed by continued boiling, and 
therefore gives off no ammonia (Wblilcr); but when heated with a small 
quantity of water soinewliat above 100°, it is converted into carbonate of 
ammonia. (Pelouzo.)—IT At 120° the transformation is slow, but between 
220° and 240’ it is completed in 3 or 4 Lours. When an aqueous 
solution of urea is mixed with an ammoniacal solution of cbloriclo of 
barium, and heated in a closed tube to the temperature just mentioned, 
a quantity of carbonate of baryta is obtained, bearing a fixed relation to 
the quantity of urea iu tho liquid, and serving therefore to determine 
that quantity. (Bunsen, Ann. Pharm. 65, 375; N. J. Pharm. 16, 151; 
Phami, Centr, 1848, 417; Jahresler. 1847-8, 980.) According to 
Wittstcin {Eepert. Pharm. [3], 6, 207,) pure urea is gradually decom¬ 
posed, with formation of carbonate of ammonia, when its aqueous 
solution is boiled in open vessels; beiiee, to avoid loss, Wittstcin recom¬ 
mends that the solution bo evaporated below the boiling point,—Boussin- 
gault, on tho contrary, found (JV. Ann. Ghim. Phys. 29, 472) that a 
solution of 1 pt. urea iu 100 water gave off scarcely a trace of amiiioiila, 
when boiled down to half its bulk (caro being taken not to boat tho 
glass and the urea adhering to it to a higher temperaturo). When tho 
liquid was reduced to of its original volume, ammonia began to go off, 
but only because the liquid bad then become so thick that portions of it 
were heated above 100°. Wbon a solution of 1 pt. urea in 100 pts. 
water was boiled with magnesia or lime, ammonia was given oil; but 
when a similar solution was continuously heated with lime to 40°, and air 
passed through, or when a solution of urea mixed with lime or carbonate 
of soda WM evaporated in vacuo, at a temperature between 45 and 50°, 
no perceptible quantity of ammonia was formed. IT—The aqueous solution 
remains unaltered for months. (Prout.)—Urea dissolved in 100 parts of 
water and set aside for some months in a well-closed bottle, is converted 
slowly and but partially, and without evolution of gas or formation 

of any other substance, into carbonate of ammonia. (Uauquelin.)_If 

glue white of egg, mucus, or any similar substance, be added to tho 
solution of nrea the transformation into carbonate of ammonia takes 
place rapidly. (Fourcroy & Vaiiquelin.)—The statement of these chemists that 
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acetate of ammonia is likewise protiuced, lias not been confii’nieti. HoilCO fllso arises 
the ammoniacal putrefaction of human urine, inasmuch as that liquid, in 
addition to urea, contains mucus, and aoinetinios also alhuincii. (Comp. 
Ttitrefaction of Urine, p. 107.)—Common sugar or milk sugar added to 
human urine stops its putrefaction for months. (Liebig, Ann. J?harm. .'10, 
173.)—9. Urea mixed with an aqueous solution of nitrate of siiveiy and 
evaporated to dryness, is completely resolved into nitrate of ammonia and 
prisms of cyanate of silver. (Liobig & Wohlor, Ann. I'harm. 20, 301): 

C2HJN-02 + AgO.NO'i = NUM10,N0'' + C’^NAgO^. 

Urea evaporated 'with, an aqueous solution of sugar of lead, yields aminonia 
and a precipitate of carbonate of load in shining .scales. (Liobig & Wiihlor, 
Ann. Pharm. 26, 301.) 

Compounds. A. With Water. Uim dissolves quickly in water, 
with lowering of temperaturo; it requires for solution loss than 1 jit. of 
water at 15“, and dissolves in all proportions at 100°. (Front.)—'i'ho 
concentrated solution baa tbo consistence of syrup. According to earlier 
statements, urea doliquescoa in moist air; according to Polouzc, it docs 
not; but when triturated with Glauber’s salt and otbov salts viclv in water 
of crystallization, it abstracts their water and forms a solution thoro- 
with. 

B. With Acids. Only tbo stronger acids arc capable of combining 
with uvea. (Polouzc.) All tbo compounds so formed aro acid. The uroa 
may be recovered from them by digesting them with a Ilxod alkaline 
carbonate and exhausting with alooboT. 

a. With Sulphuric acid. A mixture of 100 jits, oxalate of uroa, 12,5 
crystallized gypsum, and a small quantity of watoi’, is slightly warmed, 
the mixture exhausted with 4 times its weight of alcohol, and tbo filtrate 
evaporated,—Granular crystals or noodles, having a fresh, pungent taste. 
(Cap & Henry.) 

6. With Jlydrocldoric acid. Urea absorbs byJrochlorio acid gas. (Po- 
louze, Hagen.) If it bo saturated with that gas, at first in the cold, but ulti¬ 
mately at 100°, and the jialo yellow oil thus formed bo freed by a current 
of air from tbe excess of hydrochloric acid, tbo oil solidifies on cooling 
in tbo form of a white, bard, laminar, radiated mass, tbo stdidilicution being 
attended with development of beat. Tbo solidifiod mass (Iclicpu'sces 
rapidly in tbe air, forming a very acid liquid, which oxlmles vapours of 
hydrochloric acid; when dissolved in water, it is iumicdiiiLcly docom- 
posed into free bydrocblorio acid and free urea. In boiling abHoluto 
alcohol, it ajipears to dissolve without alteration; but as llic solution 
cools, a very small quantity of sal-ammoniac erystallizos out of it, having 
probably boon formed during tbo absorjition of tlio bydroclilcadc acid gas. 
Nitric acid added to the alcoholic solution immediately throws down 
nitrate of uroa. (Erdmann & Krutzscb, J.pr. Chem. 25, 506,) T Ilydro- 
cblorato of urea boated to 145°, is resolved into Ral-ammoaiac and jmro 
cyanurio acid; at 320°, tbo compound C'NUI’O'*, discovered by Licibig & 
Wohler ns a product of tbe decomposition of uroa, is produced. (Do Vry, 
Ann. Pharm, 61, 242.) If. 

Ertliminn S: ICratzscli. 

CdlWO'^ . GO-0 .... 62-21 . fi2'()r) 



370 METHYLENE: SECONEARY NUCLEUS C^Ad^. 

Feloaze fonntl tlio same composition.—Cap and Henry prepare tins 
c/iTnoonnd bv decomposing oxalate of urea witli an alcoholic solution ot 
chlo^de of calcium, and oraporating the filtrate to the crystallizing 

c!" With iV’iVrm rtCiV7. First obtained by Fourcroy and Vauquelin.— 
Fnirii a cold aqueous solution of urea, not too dilute, nitric acid throws 
down either immediately or after a while, a precipitate of nitrate of 
urea in white crystalline scales, the precipitation being attended with 
gli'^ht evolution of heat.—If the nitric acid contains nitrous acid, a dis¬ 
engagement of gas takes place, arising from partial decomposition. The 
colder and more concentrated the urea-solution and the acid may be, tho 
more quickly and completely is the urea precipitated, so that the mix¬ 
ture becomes nearly solid. But ov'cn when 1 pt. of the solution is mixed 
with 2 pts. of colourless nitric acid of specific gravity 1'3, the liquid 
retains from 8 to 10 parts of urea, because nitrate of urea is somewhat 
soluble, even in concentrated uitric acid. (Heiiitz, 7’oyp'. GO, 144.) 

When 1 measure of nitric acid, of sp. gr. 1 -322, is added to 1 iiioa- 
snro of an azqueous solution of urea of various degrees of concentration, 
tho following efl'ects are produced :—1 pt. urea to lO'G pts. water: imme¬ 
diate precipitation of scales;—1 urea to 15 water: gradual formation of 
Ksdea;—1 urea to 20‘4 water : the scales begin to form after 40 minutes, 
and increase at 8°;—1 urea to 24 water: after a few boms, a largo quan¬ 
tity of crystals are produced (if the volume of nitric acid used is less 
than that of the urea, the crystals do not appear till the solution is 
cooled to 0');—1 urea to 25‘4 water at 13^: after a few hours, a large 
c^nantity of radiated crystalline iamince, which increase on further addi¬ 
tion of acid;—1 urea to 29'1 water at 13°: after a few hours, an ex¬ 
tremely small quantity of scales, which increase on cooling, or on further 
addition of acid;—1 urea to 29 water at 9°: in one hour a tolerably 
large quantity of crystals, likewise increasing at 0“, or on the addition of 
acid;—1 urea to 71-2 water with 2 volumes of nitric acid at 0°: in a 
cylinder, nothing in 3 days, but in a watch-glass, scales at tho edge of 
the liquid in 24 hours;—1 urea to 100 water with 1 vol. nitric acid in 
the watch-glass: a slight appearance of efflorescence in 3 days, after tho 
evaporation of of the mixture. (Lehmann, J. pr. OAem. 25, 10.) 

Nitrate of urea precipitated from coloured urea is likewise brownish 
or yellowish; to obtain it colourless, recourse must ho had to tho methods 
of W3hlet, Cap & Henry, and Millon (p. 364). 

Colourless, transparent, shining scales, tables; and prisms, which 
redden litmus strongly. 


mAdO'.HO.NO* 


Crj/stallized. 

. 12 .... 

. 5 .... 

. 42 .... 

. 64 .... 


Regnault. 
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. 4-09 . 

. .94-16 . 
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Fehling. 
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Fehling. Marchand. 


123 .... 100-00 


Leeanu. Lehmann. 
.. 53-5 .... 52-93 
.. 40-5 47-00 


100-00 100-0 


The crystals do not give off water at 110° (Regnault, Ann. Pharm. 26, 
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39).—The crystals examined by Heiutz, {Vogg. 66, 116,) were obtained 
from very acid liquids, and were dried at I10“; those of tlio lirst 
analysis were produced from the urea of urine, those of the second from 
artificial urea (prepared by Liebig’s process, p. 365). The crystals bare 
the same composition, whotbor they are rccrystallized from the solution 
in water or in nitric acid. (Fchling, Ann. Pham. 55, 249.) 

Prout, Lccanu, and Lehmann, {J. Pharm. 17, 651,) overlooked the 
1 At. HO in the compound. Marchand, in fact, assumes the oxi.stcnco 
of the anhydroas compound, believing that ho obtained it under poculinr 
circumstances not accurately known; hut as Hoiutz and others could not 
obtain this compiound in any way whatever, its existence may be iv'.gardod 
as doubtful. Moreover, Maroliand once obtained crystals conUiiniug 
61'13 per cent, nitric acid = C^H'*N^O^,HO,2NO®. When thoy were 
heated to 140°, the proportion of acid rose to G.V72 per cent., which 
Marchand attributed to loss of water; the aqueous solution of this biui- 
trato of urea, mixed with urea, yielded cry,stal3, containing .5.5 pi'r (umt. 
of nitric acid, thereforc=2C^H'‘N“0-,HO,3NO'; and it was only wlum 
the mother-liquor of those crystals was evaporated with a sf ill larger 
quantity of urea., that the ordinary crystals, containing 44’1 ])ar cent, of 
acid, were produced. 

The crystals when continuously boated to 100°, dimiuiHh in weight 
by gradual decomposition; after several days, the doeroaso imiouulH to 12 
per cent., and the residue, which is then in the fu.sed state, diwtimdly 
gives off gas-bubbles. This decomposition takes ])taco mere rajiidly n't 
120°, carbonic acid being then given off, at first mixed with to d its 
volume of nitrogen, but aftorrvards in a state of purity; no nitric oxi<lo 
is observed' to go off. Nitrate of urea, wl)ioh lias lost 7 ])or cent, in 
weight by being thus boated, retains only 37 to 40 per cent, of nitrio 
acid. (Feliling.) At 120°, nitrate of urea rliininiebcs continually in 
weight, and when it no longer exhibits any docroii.so in weight at that 
tomperatiiro, it retains only 35*68 per cent, of nitric acid. (llcintJ:.) 
Though nitrnte of urea gives off gas-bubbles but slowly at 130°, it 
quickly gives off the whole of its gas at that temj)oratin'o, if mi.\*ail witli 
spongy platinum; if the residue bo then boated to a tomporaturo between 
170“ and 230°, it yields, in presence of spongy jdatinum, pecnliiir jiro- 
ducts di/Tercnt from those wliicb it would yield nlono. (lloisot & Milieu, 
W. Jnn. Ghim. Phgs. 8, 288.) At 14°, nitrate of urea gives eircarbeiiio 
acid gas and nitrous oxide, almost exactly in the proimrticm by velmno 
of 2 ; 1, and leaves a deliquescent mixture of urea ami nitrate of 
ammonia: 

4(C=HiN20hH0,N05), = 4C02 -t- 2NO + 2C=Il'NiOi‘ -l- 3(NI13,nO,NO'.) 

On further beating this residue, the nitrate of ammonia is resolved into 
nitrons oxido and water, and the urea [with addition of water and 
nitrate of ammonia] into ammonia and carbonic acid, so that nothing 
remains behind (Polouze) : 

2(C2H'N-02) + 3(NI-In,HO,NO*) ■= ONO + 8HO + 4NIP + 4CO‘J. 

The residue loft after the heat has been raised to 140°, contains a trace 
of a peculiar acid, which crystallizes from the solution of the re.siduo iu 
boiling water, in small greyish white, sliining iamliue, whilst the urea and 
the nitrate of ammonia remain in solution. This acid has but a, faint taste, 
but reddens litmus distinctly. When subjected to dry distillation, it 
yields acid products, ami leaves no residue. With potasli it yields 
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funmoDia only when heated, and then very slowly. Its aqueous solu¬ 
tion /onus an abundant white precipitate with subaMtato of lead, and 
with nitrate of silver. Its formula appears to be (Peloujie.) 

rif this acid were composed of C"-H-‘N=0‘=C®Ad\0\ it would he 
a monolttsic acid of the nucleus C"Ad*, of which urea is the aldide.] 
Nitrate of urea siirinkled on a red-hot spoon, boils up aud e-xhibitg 
a small transient flame. 

Nitrate of urea gives up its acid to caustic alkalis and their carbonates. 
It dii^solves .sparingly in water, very sparingly in nitric acid, especially 
if concentrated, and sparingly also in alcohol. 

Urea likewise forma definite, sparingly soluble, crystalline com¬ 
pounds with oxalic and tartaric acid. (i/. v.) The statement of Cap & 
Henry, that urea is also capable of uniting with the weaker organic 
acids, such as lactic, hippuric, and uric acid, is not confirmed by the 
experiments of Lccanu tk Polouze. 

C. With Meldllic Chlondes and Oxygen-salts .—The affinity of urea 
for these compounds being but smali, it forma crystalline compounds 
with those only which are about as soluble as itself in water and 
alcohol. (Werther.) 

a. With Chloride of Sodium. A mixture of the cold saturated 
solutions of urea and common salt in equal numbers of atoms, yields, on 


---- -- I j w, . V— * W I ) J • X 

pound molts between CO^ and 70°, gives off 12’55 per cent, of water of 

crystallization at 100°, and at a higher toniperaturo evolves ammoniacal 
vapours, and leaves 42-G4 per cent, of common salt. The crystals doli- 
qucscc in the air. The aqueous solution, even if the compound has been 
heated till it fuses, aud the solution itself raised to the boiling point, 
still yields the same crystals. Nitric acid added to a concentrated solu¬ 
tion throws down the greater part of the urea; but a solution only 
moderately concentrated is not precipitated, even by a largo quantity of 
nitric acid, or by 12 times its volume of alcohol. Hence urea is but very 
imperfectly precipitated by nitric acid, from a solution containing com¬ 
mon sal^ d. g., from evaporated urine. Oxalic acid added to the solution 
throws down, after some time, crystals of [acid] oxalate of soda, wboro- 
npon the mother-liquor deposits on evapomtion lamiiuu of oxalate of 
nrea. Absolute alcohol partially decomposes the crystals, dissolving out 
all the nrea, with hut little of the common salt. (Werther.) 

rmivns Crystallized. Weitlier. 

. 5S-6 .... 42-90 .. 42'G4 

. 1S-0 .... J3-18 . 12-55 

C-ItiN-0 ,NaCl -r 2.-Vq. ]3f,-6 lOO’OO 

b SrrS ‘•»l«eous solution containing urea 

however, appear to 

of the tw^mhst^oes f of very concentrated solutions 

longprW w£ cooling, 

ng pnsms, Which, m a dry atmosphere, soon become dull from loss of. 
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a portion of tlieii’ water, Tliey begin to melt at 35°, but do not liquefy 
coinjjletely oven at 100°j at 120°, thejr give off all tlioir water; at 142 , 
the compound suffers further docoiuposition, and, when suddenly boated, 
explodes with violence. Even after being lusod, rcdissolved in water, 
and boiled, it still crystallizes in the aaino form. If it has boon heated 
sufficiently to drive off its water, and tlion dissolved in water, the solution 
yields by very slow evaporation, first nitrate of soda, thou urea; but if 
this mixture of crystals he rcdissolved iu a small quantity o( hot water, the 
compound, on cooling, recrystullizos as a whole. The docoiuposition wliich 
ensues on slow evajioration, is probably duo to the difloront soliihilitios 
of the constituents. The aqueous solution is not precipitated ovou by a 
very largo excess of nitric or oxalic acid, not oven by nitrate of silver. 
(Werther.) 

Crystallized. Wui'tlicr. 

Cn-UNW . CO-0 .... 

NaO,NO= . fl.'i-a .... .^)2’2l . r)0'27 

2A(j. 18-0 .... 11-03 . 1()-‘12 

C=liiN-0- + Na0,N0-’ + 2Afi. 1C3-2 .... lOO'OO 

Sal-ammoniac, chloride of potassium, chloride of barium, nitre, nitrate 
of baryta, and nitrate of atrontia crystallize in the Iroo state Iroiu a 
solution containing urea. 

0 . With Nilraia of Lime. C’*II‘N''0*-l-Ca0,N0“. Tlio atiuoous, or 
bettor, the alcoholic solution of the two .substances yields, when evapo¬ 
rated over oil of vitriol, deliquescent prisms having a vitreous lustre. 
At 100°, they give off only 0-94 jior cent, of hygriisco 2 )io water, and 
nothing more till they are heated to 140°; at 1 45'’ they begin to fuse, 
giving off first ainmoniacal and then acid vapours; but the decomposition 
is not complete even at 180°. When suddenly heated, they dotouato 
violently, leaving a residue of carbonate of limo. The lime iu tho emu- 
pound amounts to 10'5 per cent. The aqueous solution is not jirocipi- 
tated, either by nitric acid or by potash froo from carboiiio acid, but 
oxalic acid throws down oxalato of limo and oxalate of uroa. (VVorthor.) 

d. 'W\t\\ Nitrate of Magnesia. CTI-‘N'0“-f 2 (MgO,NO“). Tho solu¬ 
tion of the two suhstancos in ahsolnto alcohol yields, when ovaporatod 
in vacuo, largo, shining, oblique rhombic prisms. Fig. 84, tho o-i'acos 
meeting above, the edges between w and i ropilacod by ))lauoH; u' •.-!«= 135°; 
«:a=U0°; it:z=128“ 42'; m:/=12G° 30'; i\f backwards=!)7° 20'. 
The crystals fuse at 85°, giving off TU por cout. of wator, probably 
merely hygroscopic, and forming an opaque Iluid, which docs not solidify 
till some time after cooling. At a higher temporaturo, tho comjiound 
decomposes like that with nitrate of lime, and leaves 10-42 j)or cent, of 
magnesia. The fused mass dissolved in absolute alcohol, yields the 
original crystals again. The compound is doliquoscont; in tho state of 
aqueous or alcoholic solution, it is not decomi) 08 od by long boiling. Nitvio 
acid throws down only part of tho uroa, oven from a oonoontrated solution; 
oxalic acid, potash free from carbonic acid, and nitrato of silver, pro¬ 
duce no precipitate. (Werther.) 

e. With rrolocltloride of Mercut'y. This coinpouiul cannot bo 
obtained in tho crystalline form from tho aqiioous solution, .hut separates 
in that form from a solution of tho two substances iir boiling absoluto 
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olroLol Flat prisms ’with curved faces, and having a faint pearly 
At 125"' they be^n to melt without losing water, fuse completely 

1,^128’ aiidat 130°, solidify in the form of a white paste, from 'which abso- 

Uite alcohol extracts corrosive sublimate and a trace of sirl-ammoniao. 
Rniliiia water extracts small quantities of these two substances, and 
leaves^a yellow powder which, when heated, gives off ammoniacal 
vaiinurs without fusing, assumes a transient red colour, nnd yields a 
sublimate of calomel mixed with mercury. The undecornposed crystals 
dissolve sparingly ill cold water, and are decomposed by boiling water; 
the cold solution evaporated without the application of beat, yields 
crystals first of corrosive sublimate, then of the conipoimtl, and Uien 
of urea! In absolute alcohol the compound is more soluble, especially 
at a boiling heat; but even this solution undergoes partial decomposition, 
when it evaporates at ordinary temperatures. This solution is not pre¬ 
cipitated by nitric or oxalic acid, but gives a yellow precipitate with 
potash. (Werther.) The compound yields with potash a -white preci¬ 
pitate, rosemhliiig amide of mercury, and, like that compound, ex¬ 
ploding when heated. (Piria, Oompt. rend. 21, C86.) 

Crystallized. W ertlier. 

C-H>N=0’. 60-0 .... 18’14 

2 Ug . 200-0 .... 00-4G 00-38 

2 Cl . 70-8 .... 21-40 20-94 


CffIW02,2HgCl . 330-8 .... 100-00 

T /. With Mercuric Nitrate. C*HWO',4HgO,NO'. Precipitated in 
the form of a snow-white, almost insoluble compound, when any liquid 
containing urea is mixed with a solution of mei'curic nitrate containing 
no free acid. This reaction is said to afford, with certain precautions, 
a ready method of estimating the quantity of urea in urine. As nitric 
acid is set free in the process, and as this free acid prevents the further 
action of the nitrate, it is necessary to neutralize the liquor with baryta- 
water, after each addition of the nitrate. (Liebig, Ckem. Soc. Qu. J, 
5, 30.) t 

g. Nitrate of Silver.- — a. AgO,NO°. Conoontrated 

aqueous solutions of the two substances mixed together, cither cold or at 
50^, imraodiately yield large crystals, into which also the rest of tlio 
liquid, when evaporated at 50° in vacuo over oil of vitriol, is converted 
t c the last drop. Large, shining, oblique, rhombic prisms. Nig, 85, 
without the /-face, hut with truncation of the lateral edges between ti 
and <,- u' :u = 118°; i : or m = 110°; i ■. a — 160°; a. •. a = 140°; 
a : i = 110°. The dry crystals, when heated, give off a trace of hygro¬ 
scopic water, fuse, yield ammonia, and then nitrous vapours; -u'hcn 
Euuclenly heated, they exhibit fiery detonation accompanied with red 
vapours, and leave metallic silver. When the pulverized compound has 
been heated for 18 hours in the water-bath, a small part of it is resolved 
into cyanate of silver and nitrate of ammonia, the powder at the samo 
time cohering together in a mass which becomes moist. The dilute 
Maeous solution becomes turbid by continued boiling, anrl on cooling, 
deposits long prisms of cyanate of silver (comp. p. 369). But tho 
ettpwnatMt liquid still contains a large quantity of the undecomposed 
and even after very long boiling, the conversion of tlie silver- 
oxide mlo ©yanate is not complete. The crystals dissolve without 
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decomposition in considerablo quantities of water, either hot or cold, or 
of alcohol. Nitric acid added to these solutions throws down I'art of the 
uroaj oxalic acid produces an immediate precipitate of oxalate of silver; 
alcoholic soda-solution forms, with the aqueous solution of the compound, 
a yellowish precipitate, which blackens when boiled with water, contains 
83’£)4 per cent, of silver-oxide, and is therefore, perhaps, a oonij)Ound or 
mixture of 5 At. silver-oxide with 2 At. urea [or 3 At. silver-oxide with 
1 At. urea.] (Werthor.) 

/8. C^Ad^,0“-|-2(AgO,NO®). The aqueous solution of 1 At. urea, 
mixed with a solution of 3 or 4 At. nitrate of silver, yields, when evapo¬ 
rated in vacuo, first crystals of the compound a, then of the comi)ound y3, 
and ultimately of pure nitrate of silver. The crystals of i3 arc largo, 
shilling, right rhombic prisms. Their form is nearly that of Fi^. 73, but 
without y-faces, and with the jo-faco; p : a —127'^', p : i = J 43^ 3(5'; 
u : t{ = 112°30'. The crystals contain no water. The chomioal rela¬ 
tions resemble those of a, (Werthor.) 


Crystals 

C=Ad=03. 

Ago . 

N0« . 

a, 

60 .... 
IIG .... 
64 .... 

26-00 

50--13 

23-48 

Wovtlier. 

49-63 

C2Aa20-',Ag0,N0'= . 

.. 230 .... 

100-00 


Crystals B. 


Worther. 

C-AdSO- . 

.... CO 

.... 16 


2 AgO. 

.... 232 

.... 58) 


2 1S0“. 

. 108 

.... 271 


C“Ad-^0^2(AgO,N0«) ... 

. 400 

.... 100 



D. With Melallio Oxides. Urea does not precipitate any motallio 
oxido from its acid solution; but when it is added together with an 
alkali, a compound of the metallic oxido wdth urea is ofton precipitated. 
The compound with silver-oxide is grey, and detonates when heated, the 
silver being reduced. (Prout, comp. Worther, also Liebig, p. 374.) 

E. Urea dissolves in 5 pts. of cold alcohol of sp. gr. 0‘81G, and in 
less than 1 pt. of boiling alcohol, from which it crystallizes on cooling. 
(Front.) It is very sparingly soluble in other; hut according to 
Hiinefeld {J. pr. Clmn. 7, 43), it dissolves readily in a mixture of other 
and alcohol; hence ether does not precipitate it from the alcoholic solu¬ 
tion. This is, perhaps, the origin of the statement made by 0. Ilonry, 
that urea is easily soluble in ether. Urea docs not dissolve in oil of 
turpentine. (PfaiF, Prout.) T Prom a solution containing urea and 
ferrocyauide of potassium, the latter separates, in successive crystalliza¬ 
tions, accompanied by very variable quantities of urea (the rjuantity has 
been found to roach as high as 41 percent.); the pi’oduct is, however, 
a mere mixture, not a definite compound, (Pluraut, W- J. Fhai’m. 18, 
411.) IT 














Copxilated Compounds. 

T Hethyl-urea. C^H^N^O- = C“H^CWN^O= = C^{ 

Wi itTZ. Cumpt. rend. 32, 414; Ann. Fharni. SO, 346; J- P>'. Ghem. 53, 
44; Phan/i. Centr. 3851, 487; Jahresber. 1850, 384; sec also 
Mc'nujiro cited at tho bead of Methylamine, p. 313. 

Acdyl-urea, Methyl-Hamstoff, Acetyl-Earnsloff. 

Formation and Preparation. By a transformation of cyanato of 
inethylaniine analogous to the conversion of cyanato of ammonia into 
cuiiimou urea (p. 3C5.) 1. Cyaoate of methyl dissolves in aqueous 

amiiuuiia, with evolution of heat, and the solution, when evaporated, 
yields crystals of methyl-urea. (Wurtz, Ann. Fharm. 71, 328): 

C=H50,C=N0 + NIP = 

2. W'hen solutions of sulphate of methylamine and cyanate of potash 
are mixed and evaporated at a gentle heat, and the residue treated with 
alcohol, a solution is obtained which Jikewlso yields crystals of methyl- 
urea on evaporation. (Wurtz, N. Ann. Chim. Phys. 30, 460.) 

Properties. Long transparent four-sided prisms, which deliquesce on 
exposure to the air. The aqueous solution is neutral. 



Calculation. 


4 C. 


. 32-43 

0 II. 

. 

8*11 

2 N. 

. 28 


2 0. 

. 10 

....! 21-02 


. 74 ,., 

.... 100-00 


jMtrate. C*II*’N’0’,H0,N0'. Precipitated on adding nitric acid to 
a somewhat concentrated aqueous solution of methyl-urea. Much less 
scduble than tho base itself. 


^ Mmeihyl-urea. c°h°n*0*=(C*h*)®,c*h*n^O“ = 

WcRTZ. VM. Memoirs cited on page 376. 



(“r r/sF’- »" .t 

2(C:‘H*0,C:’N0) + 2HO = 2CO® + C*H®N^O®. 

methylamine on cyanate of methyl. (Ann. Pha,-m. 

CPWO.C^NO + C»H'N = Ci'>H"N302. 

is permanent in the air; may 
nt. aecomposition, and dissolves readily iu water and 













8 H 
2 N 
2 0 


8 

28 

16 


9-09 

31-82 

18-18 


. 88 . 100-00 

By til© action of potash, it is resolved into oarhonic acid and 
methylamine; 

C'HWO^ + 2KO + 2110 = 2(K0,C02) + 2Cni6N. 

With nitric acid, it forms a salt composed of OTPN^O^jHOjNO®. IT 


Ureo-carbonic Acid. C'NWO® = C^Ad’0*,2C0“. 

Liebig. (1S4C.) Ann. Pharm. 58, 260. 

The crystallized compound ether, which is abundantly do]>ositod, 
together with urethylano, on passing cyanic acid vajiour into alcohol or 
other, ooutaius the constituents of viiiic other and of hyjiothctieally 
anhydrous urco-ciu-houic acid; so that its formula is C‘I-PO,C'N^I-PO*. 
When treated with baryta-water or alcoholic potash, it is resolved into 
alcohol and a urco-carbonate of the alkali. These salts are resolved by 
the slightest heat into urea, carbonic acid, and an alkaline oiirhoiiato. 
(Liebig): 

CNn-PO" = CaN*H-‘0“ + 2CO\ 


Ureo-carbonate of Methyl, C*H>0,C*N’IP0‘. 

Richaudson. (1837.) Anzi. PAam. 23, 138. 

When cyanic acid vapour evolved from hc.atod oyanurio acid is passed 
into pure wood-spirit, a large quantity of cdIouvIubs crystals of this 
compound is quickly formed; they must be rcpeatodly washed with 
water, and then dried at 100°. When heated, they volatilize partly 
undeoomposed, partly resolved into inothylcue, ammonia [and carbonic 
acid?] and cyanuric acid, which remains holuud. [Probahly thus; 

3(Cnii>0,C-WH»0^) = O'N’H’O'* + 3CTP + SNIP + GCO=.] 

The crystals heated with potasli are decomposed in a similar manner to 
i; the con-espouding ethyl-compound. They dissolve readily in water, 

I wood-spirit, and alcohol, more abundantly, however, with the aid of heat. 

The solutions do not redden litmus. (Richardson.) 

Richardson. 


6 C. 

. 36 .. 

.. 30-51 

30-G4 

2 N. 

. 28 .. 

.. 23-72 

23-G5 

6 H. 

. 6 .. 

.. 6-09 

5-11 

G 0. 

. 48 .. 

.. 40-68 

40-60 


lia .... 100-00 . 100-00 


I 



















Cyanogen, C*N, and Hydrocyanic Acid, cmi. 

Littrniure for Gyanogen, Hydrocyanic Acid, and IfeialUa Cyanides. 


SciiKi:r,E. Opitsc. 2, 148. 

lititTiroLLET, 2Iem. del'Acad. de Sc. d Paris, 1787, 1-lSj also CreU.Ann. 
1795, 1, 70. 

EifiiTKR. IV'. OcgensL der Chetnie, 11, 49. 

Bi'Ciior.z. A. Gehl. 1, 406. 

PKoi'sr. Hydrocyanic acid. Ann. C/dm. CO, 185 and 225; also H 
GM. 3, 540. 

F. V. Ittner. Beitr'dge zur Gec/uc7ite der Blaiisatire. Freiburg and 
Constauz, 1809. 

Oav-LrssAC. Ann. OJiini. 77, 128; also Sclm. 2, 201; also Gilb. 40 
229. — Ami. C/dm. 05, 136; also Sc/iw. 16, 1; also Gi/b. 53, 1 
and 138. 

H. Davy. Gilb. 54, 383. 

Vauqcelin. Ann. Cldm. P/iys. 0, 113; sho So/iw. 25, 50.— Ann. C/dm 
Phys. 22, 132; also N. I'r. 9, 1, 124. 

Wohler. Pogg. 3, 177. 

Jon.vsToK. N. Ed. P/iil. J. 1,75; also Sc/m. 5G, 341. 

PoRRETT. Cyanides. PhU. Tram. 1814, 527; also Sc/no. 17, 258: also 
Gilb. 53, 184; also H. Tr. 3, 2, 422. 

R.iMMEr..*nEno. Cyanides. Pogg. 38, 864; 42, 111. 

Feed. & Edw. Rogers. P/dl. Mag. J. 4, 91. 


Htdorg. Prussian Wue was accidentally discovered in 1704 by 
Berlin. Mnoqner found tlint this substanco by 
treatment with 1 line-water was resolved into calx of iron (forrio oxido) 

Sverw"tf'ri H ^ CO onnng matter, wbich when combined with potash 

Se in I 782 s!: (forrocynni.lo of potassiniu). 

>n preparing Prussic or Hydocycmic acid in 

wtnponnds. The latter in 180 Q t ® discovered many of its 
few cyanide of mercury and bv8..n,.f f anhydrous prussic acid 

m a pmnanent gas Gav Lub^ic ^rogarclod its vapour 
BquTd for„, 7 irTn’l '815 this anhydUs 

iZ'to\h"ls™y"^f 

I«^Swf^,"uk?c£inoan*d o^'^aTucleus. It has a 
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The following assumption may, perhaps, sorvo to roconoilo tho consti¬ 
tution of cyanogen with the nucloua-thooi’y;—Cyanogen belongs to tlio 
series of methylene, C®fP. One of tho secondary nuclei derived there¬ 
from is prussic acid, C^NH; and if from this the H be abstracted, there 
remains cyanogen C^N. Cyanogen is then an imperfect nnclons of tlio 
methylene series, and forms an oxcoptiou to Laurent’s law (p. 19), that if 
from any nucleus, hydrogen bo abstracted without suhatitution, tho 
remaining compound must belong to tho scries of another nucleus. In 
accordance with this assumj)tion, liydrocyanic acid, C^NH, tho niotallie 
cyanides (such as C“NK), chloride of cyanogen, C^NCl, &c., must bo 
regarded as secondary nuclei of tlio mothyloue-sorios, and cyanic acid, 
C^NHjO^, as the acid aldide of the nucleus, liydrocyanic acid. Cousidor- 
iug the great difference of character between hydrocyanio acid and other 
organic acids, it will not ajjpoar surprising that tho former should, 
according to this view, be regarded as a nucleus, wlmrcas tlio latter arc 
compounds of nuclei with oxygen. Tlie similarity of hydrocyanic acid to 
tho inorganic hydrogen-acids induces tho supposition that tho latter, as 
well as the compounds of 1 At. of a simple salt-radical with 1 At. of a 
motal, may also be regarded as inorganic nuclei, around which oxygen 
aud other elemonts group themselves to form oxygon-salLs, &c. 

Cyanogen is therefore analogous to formyl, C'H, acetyl, C‘I-P, and 
other hypothetical radicals of the binary theory; which, according to tho 
nucleus-theory, would be regarded as nuclei from which 1 At. II has 
been withdrawn. 

According to the suggestions on page 37, ro.spooting tho arrangomont 
of tlio atoms in rncthylcno, wo must suppose that the four oloinontary 
atoms which constitute hydrocyanic acid, tho metallic cyanides, chloride of 
cyanogen, &c., form square tables, two of tho diagonally opposite angles 
consisting of 2 0. When 1 At. hydrogon, motal, cliloriiio, etc., is withdrawn 
from these compounds, the N-atom in the residual cyanognn changes its 
position, placing itself in tlie'middlo betwoon tho two carbon atoms. It is, 
perhaps, in consoquonco of this altorod arrangement of the atoms that 
cyanogen does not easily resume the abstracted atom of hydrogen, motal, 
clilorinc, &o., tho restoration being for the most part oilbctcd only by 
substitution. 


Cyanogen. C^N. 

Cyan, Blaxistoff, Cyanocjhic; in tho gaseous form: Cynnogen gas ,— 
Discovered by Gay-Lussac in 1314.—Occurs in tho form of hydrocyanic 
or hydrosulpliocyaiiic acid in a few organic bodies. 

Formatio7i. 3. Nitrogen gas passed ovov charcoal and potash at a 
strong red heat yields cyanide of potassitim.—When nitrogen is passed 
over a mixture of equal parts of carbonate of potash and pure sugar- 
charcoal, (which is free from nitrogen,) contained in a porcelain tube kojit 
at a strong red beat—whereupon carbonic oxido passes off at first, but 
afterwards pure nitrogen—a quantity of cyanide of potassium is found 
in the carbonaceous residue, such that of 100 pts. of potash used, 12 pts. 
are converted into cyanide of potassium. The quantity of cyanide of 
sodium similarly formed from carbonate of soda is much smaller. (Fownos, 
J. pr. Ohem. 2Q, AVZ .)—Erdmami & Marchaud (A pr. Cham. 2(5, 413) 
repeated Fownes’s experiment with sugar-charcoal and carbouato of 
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potabli. At a inodcratG rod lieat, no cyanide of ijotassium was formedj 
at a teniiierature at wldcli potassium-vapour was earned over with the 
carbonic oxide gas, they obtained only a doubtful tracebut on using 
carbonate of potash which contained sulphate, the formation ot siiljiho- 
oyaiiide of potassium was evident.—IT According to recent coiunnini- 
ciitions by Wiililor, (Jahresber. 1850, 350, note,) the formation of cyanogen 
from sugar-charcoal and the nitrogen of the air is cstablislicd boyoiid 
doubt; the essential conditions arc, tliat tlie loiiipcratiire bo high enough 
to reduce potassium, and that the nitrogen gas bo red-hot.—According to 
Kioken, (Ann. Fhanm. 79, 77; Fharm. Gentr. 1851, 750; J. pr. Chnn._ 54, 
133; Instit. 1851, 382; Jahresber. 1851,377,) earhonato of iiotash inti¬ 
mately mixed with cliarcoal obtained from the purest white sugar, and 
heated in a current of nitregen-gas, at a temperature high onongh to 
reduce jiotasaium, is completely converted into cyanide of potassium. 
In one experiment the conversion was so coinplcto, that the coiieoiitratod 
solution of the cyanide of potassium did not exhibit the least clfer- 
vcsccnce with acids. When a mixture of potassium or antimoiiido of 
potassium (ignited tartar-cinctic^ and charcoal is heated to full rodnc.ss in 
a current of nitrogen, not a trace of cyanide of potassium is formed,—i 
proof that this formation of cyanogen requires, not only tho presence i 
free potassium, but at tho same time a temperature high enough to sepa¬ 
rate potassium from potash. The formation of cyanogen by igniting a 
mixture of sugar-charcoal and carbonate of potash has also been con¬ 
firmed by Delbriick (Ann. F?ia.rm. 04, 290) 1).—Tho following experi¬ 
ments and observations are less conclusive, as they were made with 
charcoal contaiiiiug nitrogen, and therefore the nitrogen required to form 
tlio cyanogen may havo been derived merely from the charcoal. Nitrogen 
gas passed through a led-hot mixture of wood-charcoal and carbonate of 
potash yields a small quantity of cyanide of ])otassium; air yields loss, 
but still so much that tho cyanide of potassium produced from 20 ])arts of 
carbonate of potash will form 1 part of 'prussian blue. (Dosfosscs, 
J. Fharm. 14, 280.)—This process is used in a manufactory at Nowcastli 
for tho preparation of cyaiiido of potassium cii tlio Inrgo scalo (vid. Cyanide 
of Potassium.) —A liquid mixture of about c(|nal jiarts of cyanide of 
potassium and carbonate of potash has been observed to exude fj’om tho 
cracks of an iron-smelting furnace. (Th. Clark, Fhil. May. J. 10, 729; als( 
Fogg. 40, 316; also J.pr. Chem. 11,121.)—At tlio ond of tho working of n 
blast-furnace fed with wood-charcoal and the hot-blast, there was found 
at the bottom a quantity of carbonaceous matter containing nietailic iron, 
lead, and a saline mass. On immersing this substance in water and leav¬ 
ing it for a month, it was found to be surrounded with a pasty mass 
smelling of hydrocyanic acid and mixed with crjystals of ferrooynnide of 
potassium, and likewise containing cy.mido of potassium and cyanato, 
carbonate, silicate and manganato of potash, but no clilorinc-coinpound. 
The cyanate of potash was perhaps formed from the cyanide of potassium 
by somewhat free access of air during tho fusion; the forrocyanido was 
probably produced, after tho pouring on of the water, from tho cyanide of 
potassium and tlie iron which was likewise iirescnt. It appears then 
that the nitrogen required to form the cyanogen was supjilied from the 
air. (Zinoen &, Bromeis, J. pr. Chem. 25, 24G; also Fogg. 55, 89.) Tho 
nitrogen might just as well be derived from the charcoal, which is by no 
means free from that element, inasmuch as wood contains nn albuminous 
substance. (Gm.)—In tho iron furnaco of Marlazoll in Stiria, which if 
constructed with closed breast, and is fed with hot air and charcoal, 



cyanide of potassium is produced in sucli quantity tl\at it is sent into tlio 
niai'kot to bo used in galvanic gilding. It is found partly at tho liglit- 
holo (an aperture from vvliioli the gaseous proiliicts iasuo and aro set on 
fire at uiglit for tho purpose of illumination), partly in tho pipos tlirough 
which the gases pass. From the liglit-holc there flows a white salt, 
which solidifies in stalactitic masses, and consists of cyanide of potassium, 
cyanato of potash, carbonate of potash, forrocyanidu of potassium, 
iron, carbide of iron, and charcoal; tho same suit coloured grey by 
charcoal is also deposited above tho light-hole. In tho tubes which convey 
tho gases from tho mouth of the furnaco there is formed (doubtless by 
coiulonsation of tho bluish smoko which rises from tho furnaco when 
worked by tho hot-blast) a black salt, having tho same constitution, 
excepting that carbon and carbido of iron predominate in it. (Rcdloii- 
bachor, Ann. Fharm. 47, IdO.)—When a mixture of 2 pts. coke or 
coal, 2 pts. carbonate of potash and 1 pt. iron filings is ignited in an 
open vessel exposed to tho air, a larger quantity of motnllic cyanide i.s 
obtained than when an animal charcoal rich in nitrogen i.s ignited with 
iron and carbonate of potash in tho sanio proportion in a covered 
vessel. In this case, 100 pts. of coke yield ll'T) prns.sian bluo. 
(Thompson, Alhenceum; also Gheni. 2(5, 413.) Borzylins nisks with 

reason, whether tho nitrogen may not liavo proceeded from tho coal.— 
II Marchaiul finds that when finely pulverized cast-iron mixed with 
potassium is ignited, and tho aqueous oxtvatd treated with forro.so-fei'rio 
sulphate and hydrochloric acid, a very abumlant precipitate of pru.s.sian 
blue is formed. This effect is produced in even a higher degroo with 
stool, but not with soft iron, or with a mixtnro of charcoal and pure iron. 
If an o.xcoss of potassium bo used, or if tho mixtnro bo ignited In an oiteu 
vessel, no formation of oyanogon takes place. Tho fiiioly divided iron 
remaining after tho reaction, yielded moro oyanogon whon again ignitod 
with potassium; whence Marcliand concludes that tho simreo of tho 
nitrogen is not in tlio iron hut in tho air; in confirmation of which ho 
finds that no formation of cyanogen takes place when tho mixture of 
iron and ])otasfium is ignited in an atmo.sphoro of hydrogen or carhonio 
acid, hut that whon tho ignition takes place in an atniosplioro of nitrogon. 
an absorption of thnt gas is apparent. (Marcliand, J, p)'. (Jhem. 4!), 3ol; 
Ann. Fharm. 06, 24.5; OAem. Qat. 1850, 301; Jnhrcsbor. 18.10, 324) 1|. 

2. Nitric oxide, nitrons acid, and nitric aoid, whon they aot upon 
organic compouiuls, oven if tho latter aro free from nitrogen, frequently 
produce hydrocyanic acid, or hydrocyamito of ammonia, or cyanido of 
potassium. When a mixture of 1 pt. nitre and 2 pts. purified tartar is 
thrown into a, rod-hot cnicildo, a largo quantity of cyanido of potassium 
is found to have boon produced after tho dollagrathm of tho mass. 
(Giiibourt, J. Fharm. .5, 58.) Nitro, with excess of tartar or ncotato of 
potash, yields cyanido of potassium. (Schiiullor, Jiepert. 31, 277.) 
Olefiant-gas, C'B! , mixod witli access of nitric oxide, and passed through 
a tube containing boated sjiongy pla.tinum, brings that metal to a stato 
of intense ignition, and yields water, hydrocyanato of ammonia, carhonio 
acid [probably in tho form of an ammonia-sultj, and iiilrogmn gas. Spongy 
platinum, when cold, docs not act upon a mixtnro of nitric oxide with 
excess of alcohol-vapour; but at a rod heat, it converts tlio inixtiiro, with 
deposition of charcoal, into water, hydrocyanato of ammonia, and carbo¬ 
nate of anuTionia. Vapour of nitrous other (C'‘IT'’0,NO''), in wliioh 
spongy platinum is heated to 400'’, yields nitric o.xido gas; hut if the 
"'Otal bo heated to roJnoss, tho products aro water, hydrocyanato of 
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amtuciiiia, mrliiuiic. iiitir’li-/'uw, iiinl cliarodal. fKiiliImnnn /(«., 

••!!. •JS.t.) A tnuv ,.f l.y.lmoyauic ,um. 1 in lil^wiHo prockcod in 
till' t’lnnliiiMtiiin nf {.'tin r>ill>iu. (I'ur'liis & (ii'lin, ('tmpl. rend. 2!) 382'i 
Vary many Mry.inir Imtli ji/niizi'il ami mm.ai!ntis!od vioU 

ivluMi lii'alol willi ililiilt' iiili'ii' m'iil. a irmtillaln in wliirh a Ninall nuiiutitv 
111" liy.liiiryanit' lu-i'l may ly .li'liM-tml, llii« iiitvii;ri,u vi'niiired fm. 
lii'iii’;' Milii'liial ly itm ml l it’ imi.l, tlii> .•ai'lmii ami liydnaraii by tlm ormnio 
bmly. ill ilii-i iimiiimr, liv'lvm'yniiii- m ill is rni'iimil I'nim lUo followinir 
*mli-.!aii(’i'<: Fnnii si'riini I'f blmul, iii l!ir”:i' niiaiitity (Fimvovoy, ,j)t/si, des 
ffiiimiiw. r/iliii. !i, !U); Siiyur, t:«iii, or sturrli, in ainiill i|iiantity (TlWard 
Ti-,iilv, Imn. 11: Ali’nlml, in llm iin-i'iinitiim of fulminating niovoiiry 
((fiuillliii'r lb" (‘laiibiy,./. f'lyinn. ‘dri, 71! i) or of niti'miM otlior, wbotlior 
tlm nli'iiliiil 111' brail'll with iiiirir ariil (l)iil|iinr., jV. I'harm. R, 209) or 
va|i«iiir Ilf livi>''iiilrir ariit bo pa ■.ni into it (Snbrm'n); aooMding to 
Hiryrt {diiJirh. f. I'/mrm. 20, I Had, .'l/io), tlio formation 

tif Ityilrnryiuiir imiil in this |iriii'i'-'.- laUrs jilarr only wliim tin’, distillation 
in rn|iiilly ri'mliirtnil Fats yicbl a Inli'rably birgr i|iiantity (11, Dorosno 
k Clmlin, A'../. J'lini-iit. 2IO; Subn'io).,—Volnlili' imIh, oh tlio oils of 
Inriii'iiliiii', jiiniiirr, li'iiiun. oranyi', liivoinli'r, viilriian, (lammnilo, and 
ritivm, fniiii I In 2 )irr rritl. lunro in jirnjiorlion iih tlmy liiivdoii inoro 
Hiiirkly; uinrrnvrr, rnlii|ibniiv. piiir ri'sili, iviaslir, rniial, and giilliaimra. 
(Solirnrn.) Hyilriiryaiiir nriil is also fiirinnl, tojii'llii'r with annnonin, 
wlu'it till' rollottiii}' vaitiiiir- am pasinl llinninli a red Inifc tiibo; Nitrons 
('llior ('I'lmimril), nr fllirr vii|iiiar niixnl with iiitrir oxiilii nr nUvous oxido 
pan (wlilrli, liiivvitvor, iiiiiiliirt'.s a ilaiij'nrotiH i>x)ilnHinii), nr vaiiour of oil 
of tiiriK'iiliim mixril iviili tiiirir oxiiln I'ltn. (Siibrrni, ,V. J. I’kam. 2, 
211; 7i dlH; al«o ,/. ym. C/nm. .'Ill, til,) Tim hiilnlinn in nitricnoidof 
Ki’Voral I'liiilimtlliils Ilf sihrr nviiln willi ormillil' •'llbMllUU'l'H, yiolilB, wlioii 
liiiilril, a llni'i'iilfiil jiirri(iiliil«' of ryaiiiilo nf silviir, wliii'li ilinapponrs 
nffain nii rniibrr liniUii-r: llin Ins'i Uypnniiriii arid is rvniveil on boiling, 
tlm ({rralrr is tlm nuanlity of l•yamd^' of rilvrr [irrripitaloil. (biobig. 
Aim. I'lutnik. .’i, '.IH.’i.) *•; Niirir nxido yiis imsM'd nvrr tlm oiniipoinidof 
rarboiiir nxidi' and imliissium limlrd In i rdiirHs, rnriiiM cyaiiulo of potas* 
idimi, (Dl'lbl'iirk, /Voirirt. Ill, 'iUI!.) II 

.'1, C’rrluiii iiilnmi'ni/rii rninpnuml'i yivo nil' liydniryiuiin acid wlion 
iliMlillt'd with riiroiimln of iiniuslt and dilnln Hiilpliiirir. acid. Suoli, 
aecordiiig to .‘srliFmiirr (Aim. I'h’tnn. •’i!i. 1 ), in tlm riiMn with gelatin;also, 
ftoeoriUng Iti Oiiclmlbt'rgcr, with allnniirti, tibriii, and oiiHtiin \okl. p, 127.) 

4, Atntnnnia, ill rontarl wiiU organln f'libhtaiir.rH, rliarcoal, and ovoii 
with grajiUito nr mirbiniic oxidt' gin* at a ml lioiit, yirlds liydrooyaiiato of 
tvimnoiiia or pyanido of |iiilnsMiiiiu. U'linii aiiininiiiiiral gas is piuisod ovor 
chiirccial Htrniigly igiiilnl in a |iiirrrlnin tubo, hydfnryaiiir, iioiil, or ratlior 
liydrut'vanatn of ainainaiii, j«w»nr« uvrr into tlm r.noloil rnroivor. (Clonot, 
Ann, C'kim, 11, •'III; n\>»i Crrll. Ann. 17!i(i, 1, lb; Hnnjnnr, .A PolyteAn. 
Cab. 0, ■IfUl; nlwi Sidin', ‘i, iril; IjiingbiiH, Ann, (,'kim. /’/«/«, 70) HI) 
N, Ann, Ohim, l‘hy$, 1,117; also Aim, Phnnn. ''Kli <! 1; alao J. pr.(7/icffl' 
29, S32.) In tblH cant), iimruli-giw in foriimd at tlm hiuiui tiiiioi 

4 Nll“ r fit: • ■ UtNIP.C'Nll) i- Crdlb 

(Kulilmann, Ami, Pkarm, !}H, II'J) Aminoniaral giw likewise yields 
liytlrocyanato of aminniiiit wlmn iia«»i'd ibniugli a ml«bot tube, togotlior 
'wUU otwlioalo oxide. (Kubitiiaim): 

3NH» * aco NH>.C«KU + 2110. 


ammonia or carbonate of ammonia is psissod, is convortod, wiLli lUo 
utmost oaso, into cyanido of potassium. (Dcsfosscs, J. l^hcmn. 14, 280; 
Kullnnann.) On introduciug into the lower part of a gun-barrol ()1 ()ho< 1 
at tlio bottom^ 100 pts. of buck-lioni, and above tliat a niixttiro of .00 
pts. carbonate of jjotiisli, and 25 pts. charcoal, and licuting to rodno.sH, 
first tlio mixture, and then the buck-horn, tho mass, when cooled, will 
yield, with iron-,salts, 10 pts. of prusslau blue; if, on tho contrary, tho 
100 pts. of buck-horn bo mixed with .50 pts. of carbonate of potash and 
then ignited, only 5'4 pts. of pnissian blue will bo obtained. If dried 
ox-blood bo used instead of tho buck-horn, tho product is 20 pts. of 
Prussian blue by the first proco.ss, and 11-7 pts. by tho second. (Doe- 
fosses.)—If tho mixturo of cliarcoal and carbonate of potash likowiso 
contain iron filings, ferrocyanido of potassium is forineil on passing 
ammoniacal gas over it. When tlio aminoiiiacal vapours ovolvod on 
igniting 1000 pts. of bones in an iron rotort, aro passed over a mixturo 
of charcoal and iron filing.s satur.atod witli concentrated pota.sh-loy, and 
heated to redness, 0‘8G pts. of prussian blue may bo prepared from tlio 
product. (Jacquoniyns, iV. Ami. Chim. Phys. 7, 2.0(1; also Ann. Pkann. 
4C, 23G; also J. p7'. Gheni. 30, 26.) 

Whon an excess of charcoal is ignited in a rotort witli sal-ammoniac 
and witli lime, or better with litharge (because tho lithargo docs not driro 
out tho ammonia till tho heat rises to redno.ss, nnd perhaps also the excess 
of it oxidizes 2H of tho NhP), hydrocyanic acid, or rather hydroeyamito 
of ammonia, distils over (Vauquolin, Scher. J. 2, G26; Bucliolz, Schrader, 
&/!«?’. G28 and G31; Ittner.) Sal-ammoniac, ignited with ohai’ooal or 

grapliito and carbonate of potash, produces cyanido of potas.siuin. 
(Scheolo.) In like manner, a vory largo quantity of cyanido of ])otaH- 
sium is obtained by igniting 1 pt. of aal-ainmoniao with 8 jits. of crndo 
tartar [which, however, contains nitrogonons ferment]. (Divo, J. Phemn. 
7, 487.) T Cyanido of potassium is also formed by passing a mixturo of 
carbonic acid and ammoniacal gases, orono of oarbonioaoul and nitrogen, 
over heated potassium; also by fusing potassium witli limqis of curbonato 
of ammonia, (Delbriick.) IT 

Formiato of ammonia is resolved by heat into Iiydrocyanio acid and 
water. (Dbboreincr, p, 27G.) 

5. All nitrogenous organic compounds, and likowiso tho azotiznd 
charcoal obtained from thorn, yield largo qiiantilios of motiillio cyanido, 
whon ignited with a fixed alkali. In this ease, while part of tho carhou 
abstracts oxygen from tho alkali, 20 and IN from tlio orgiuiio suh.staiioo 
unite with the nidtal thus frood of tho oxygon.—On tills reaction is fouiulod 
tho preparation of cyanogon-compoumls on tho largo scale, as well ns the 
detection of small quantities of nitrogen in organic compounds by igniting 
them with carbonate of potash or with potassium, (pp. 133 and 147.) In 
manufactories of ferrocyanido of polassiiim, it is found that tho quantity 
of cyanido of potassium obtained is tho samo, whothor the oiitiro nitro¬ 
genous compound bo ignited with carhonato of potash, or only tho char¬ 
coal obtained by igniting it gently in a close vessel. Tho contrary ro.snlt 
might at first be expected, seeing that n largo quantity of aiiiiiioiiia i.s 
ovolvod from tho entire compound, and this ammonia, according to (4) 
{supra), is also capable of forming cyanido of potas.simii; hut tho ammonia 
is ovolvod at a tomperatnro much below that at which itcfi.n form cyanido 
of pota,ssium witli ch.arcoal and potash. Tlio proportion of cyanido of 
sodium obtained by igniting carbonate of soda with nitrogonous matters, 



is miioli loss than timt of twanido of jiotasHium obtained with oavbonato 
of potnsli. (Dosfossos, J, rharm, 1-1, 2H0.) 

rreparatinn. a. As Oas. 1. Cyaniilo of Jiioroiiry, provlously woll 
cli'iod in tlio wiitiu'-bath, is boated to coininoiioiii^ rndtiOHH in a tulio or 
small retort, and tlio ffits ooIlo.oU'd over inoronry. ((tay-IiaSHao.)—Tho 
inoreiiry volatilizoM aiul oondenaes in tlio ciddor ])art of llio apparatna; a 
small jiortion of tho cyanojjfon ia convorti’d into pardri/miai/m, and 
romaina in tlio retort, in tho form of a lirown, looaoly oolioront maaa.—In 
prosonoo of moiatiii'o, a liM'jCfo portion of tho oyano^fon ia doooinpoaod, witli 
formation of ammonia, oarlmnio aoid, ami hydrooy.inic aoid. II. Dav^ 
imrifioH tho gaa from admixed liydrooyanio aoid vapour by agitating it 
with rod oxide of inoronry. 

2 . TIio gius may likowiao bo (ditainod by healing in a rotort an 
iiitimato mixturo of 2 jita. (1 At.) of porfootly ilriod forrooyanido of 
polasssinm ami 9 pta. (1 At) of oorroaivo anblimato; 

2K(:)-,l'’«C:y -I- 2 IIk(; 1 =' 2KGI -l- I'eCy -l- 2H(( -I- 2Cy. 

Cyanogon ia then ovolvod, inixod with vapour of inoronry, and tlioro 
romaina a dark-oolourod mixtiiro of (dilorido of polasaiiim and oyanido of 
iron. (Komp, J‘/dl. May. J. 22, lYO] also Ann, J’/umn, 48, lOOj also 
J. pr, Ckem, 01, 03.) 

1 At. sulphate of copper might also bo mixed with 1 At. oyanido of 
potassium, witli addition of water, and tho mixture heated to the boiling 
point in a gas-gonoratiug ajiparatus; in this cose, half tho oyanogon present 
would bo given elf. Ilut the gas thus obtained is apt to bo oontaminatod 
witli carbonic acid, procooding from cyanato or oarboiiato of potash in tho 
cyanide of potaHsiuin. 

'I'lie imjile of (iliiiiiniiin nymioKim rmmmirmU'.iI liy Koll) {Ja/ii'li. il.pr. P/inrni, 10, 
SIl], fVmn ri'lTm'yuniiU'. el' petUMiitim, liiiu'li exiile el' mnnamiiie', mill IiIkuI|iIiiUc iit 
petiifili, yirlils, la uliewii liy Ilmzi'ii-Mllller (.{tin, I’/iitriu. .'»H, I0'.i), I'lirlienie esiile, 
CUI'lieiiie iii'iil, liUre)j;(Mi, liyiliei'yiieie iieiil. lki\, leil ■«« ci/iinof/i ii, mill in lii'rii niciillimeii 
iTieri'ly with tliu view eC inrvimtiiiK miy enc. I'leiii liriiin ini«li’ii liy it. 

h. A» LniiUd, 1. Vi'lioii oyanido of iiiori iiiy is liralod in Iho Imigor 
anil of a stroug luiic, hciit and sciilod (I., 28(1, 287), Urn l•yllmlgl'u ooii> 
douses in the slimier arm, wliicli hIiohIiI lie kept cohl, (11, Davy (k h'am- 
dny, Phil. 'J'rana. 1823, l!)(t.)—2. (lyaimgon gas passed lliroiigli a tnho 
cooled to a tcuiporaturo lietwcon —2.'!'' and —30', ligindicH under tlio 
ordinary prossuro of tho atmospliero. (I5unHon, Poyy, 4(1, 101.) 

Properlia, Liijuid oyaiiogcn freezes at a few degrees Imlow —fO'’, 
forming a radiated, le.y mass. (Tlunson.) l'’rozen e.yiumgcn is trunspareiit, 
crystalline, apparently of tho Rauio donsily as the liipiid, and melts at 
— 34'4“. {Faraday, N, JHhl. univ, 5!), 102.) 

Liquid cyanogon is transparent, colourless, and very mobile, (II, Davy 
& Faraday.) Sp.gr. at 17'2'’=r (PHOO. (FriHida,y.) Ilefmcting [lower 
s= l'31(i. (lirowstor.) Does not conduct tho okiolriclty goiicratod by a 
battery of 300 pairs. (Komp.) 

Tension qf Cyanui/en exjiresseil in Atmoiji/ieres, 
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CYANOGEN. 


3fi5 

ling to Nloniann, the tension at 12’5 is equal to 4 atmosplioros. 
itiii'o of equal parts of solid and liquid oyanogoii (ilioroforo at 
does not oxort a tension equal to tho atmosj)horic pressure, 
anogon evaporates into tho air, an olToct ndiioli takes place 
opening the containing vessel, the remaining portion does not 
araday.) 

gen gas is colourless, sp. gr. = 1‘8064 (6ay-Lnssac); 1‘803.05. 
) Ilofraotina: power (vid. I. 05.) Its odour is sonicwliat like 
rdrooynnic acid, but at tho same time very pungent; in largo 
t is probably poisonous. Combustiblo. 

Calculation, accortling to Giiy-I.ussiM!. Vol. Density. 

. 12 'lG-15 Carbon-vapour..., 2 .... 0'H,'i20 

. 14 .... D.I-HS Nitrognn-gas .... 1 .... 0'970G 

. 26 .... lOO'OO Cyanogen-gas .... 1 .... 1‘8026 

jositinns. 1. A succoaaion of oloctrio sparks coiivorts 1 vol. 
ras into 1 vol. nitrogon, with separation of cliarconl. (H. Davy.) 
in gas, mixed with hydrogon, undorgocs no alteration by tho 
oloctrio sj^arks, It may ho passed without doooinposition, 
lO or nii.xod with hydrogen, through a rod-liot poroehiin tube 
ty or Idled with copper, gold, or ]>latinum. (Giiy-Lnssiio.) 
gas, when sot on lire in tho air, Inirns with a cavmiuo-wilonrod 
:>!. cyanogen gas, mixed with excess of oxygen, and set on 
oloctrio spark, oxphidos violently, with snllioionl force, indood, 
troug tubes, consuming 2 vol. oxygen, and forming 2 vol. car- 
aiul 1 vol. nitrogon, so that tho voluino of tlio gas remains 
(Gay-Luasac.)—Cold ajumgy platinum o.xorts iio action on a 
cyanogen and oxygon; hut hot spongy platinum hooomos 

I forms carbonic aeiil. (Wbhlor.) Whon cyanogen gas mixing 
)^YB through a lieatod platinum spiral (II., 4f{), yollow nitrons 
o produced. (II. Davy,)—Spongy platinum heated to 201“ in 
od with a niixturo of oyanogon and oxygon, docs not act ujum 
on not hogimung, indeed, till tlio heat becomes strong onougli 
lass. (W. Iloiiry.)—Gold platinum-balls (II., 20j) do not act 
xtiiro of 1 vol, oyanogon gas and 1 vol. dotonatmg gas con- 
r tube over morenry. With 2 vol. dotoiiating gas, a sliglit 

II is apparent; with a larger quantity, a greater coudonsatiou; 
5 acid is, however, produced, but tho tubo hoeomoa covered 
vrdsh suhatanco which has an ompyroumatio, aniiiml odour, is 
water, and gives od' ammonia whon troatod with potash. 
.) On tho othor hand, wlion detonating gas is addod to a 

1 vol. oyanogon and 2 vol. oxygon, so that tho quantity of 
lent is sud'ioiont for complolo oomlmstion, tho s^iougy platinum 
/ causes condensation, if tho hydrogon gas in tlio inixturo 
nioro than tho cyanogen, nitrous vapours being formed, and 
inio acid produced from 1 vol. oyanogon. (W. Hotiry, Ann. 
.9.)—Tho so-oallcd oxidized snlnhido of platinum (VI., 288) 
iiogon gas, jiroihioing groat dovol«))nioiit of heat. (Dbhoroiner.) 
'as passed tlirongh a rod-hot tubo (illod with oxido of copper, 
I into a niixturo of 2 vol. oarhonio acid and 1 vol. nitrogen. 

•i/ie gas does not act upon oyanogon, ovon in snnshino, if 
)0 porfoctly dry; but if tho gaseous niixturo is moist, thoro is 
n exposure to sunshine, a yollow oil, which appears to bo a 
I. 2 fj 
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wlixturo of chlovido of carbon and eliloriilo of nitrogen, and often a 
tolerably large quantity of a white solid sulmtuiiee, having an aromatic 
odour, insoluble in water, and very sparingly sidublo in alcohol and 
ether. (Sorullas, Ann, OMm. 2‘/ii/s. 3.'), 29!).)—d. llypocliloroiis a.cid gaa 
slowly decomposes cyanogen gas, with formation of carbonio acid, 
oblorino, nitrogen, and gaseous chloride of oyan()g(m; a<[nooUH hy])0-' 
clilorous acid in contact with cyanogen gas, gives oil' the four gases with 
effoiTosconco, tho liquid afterwards containing hydroidilorio and oyanio 
acid, and boing covered with an oilyniixtnro of chloride of cyanogen and 
chloride of nitrogen. (Ealard.)—5. Cyanogen gaa in contact with jaani/fwifo 
sulphate is rosolvod into carbonic acid and nitrogon. (liorsiolius, LehrO.) 

0. Tho aqueous solution of cyanogen, which is colourles.s at first, 
becomes yollow in a few days, and then hroAvn; deposils brown flakes of 
azuhnic acid; loses its pungent odour, and ae([nire.s that of hydrocyanic 
acid; nltiinatoly contains in solution carbonio iicid, liyih'ocyanio acid, 
oxalic acid, ammonia, and nroa, instead of oyanogon, anti Hoinotimos 
also deposits peculiar crystals. Vauquelin {Ann. Oh ini. I'h i/s, !), 1 Ifl; also 
Schw. 25, 50; Ann. Chini, Phys. 22, 132; also N. Tv, 9, 1, 124) long 
ago found carbonate and hydrocyanato of ammonia in tho dcoomposod 
aqueous solution of oyanogon, and lilcowiso obtainetl crystals of various 
kinds, which ajipoar to have boon partly a mixture of oxalato of am* 
monia and urea, and partly a peculiar docomito.sition-proiluut, roqniring 
further investigation. Tho latter wore orango-yollow, transparent, arbo* 
rescont, inodorous, and tasteless; when bcatotl tiny gave off watoi', 
hydrocyanic acid, and ammonia,-and yielded a white Hublimato, which 
appeared to bo the same substniico in tho anhydrouH state; they volati¬ 
lized on rod-hot coals, giving off a white funio anil a strong ammimincivl 
odour, and leaving a very small quantity of charcoal; and wore not 
soluble oithor in water or in diluto acids or potash-icy. TIicho insoluble 
crystals wore deposited from an aqueous solution of cyanogen, which 
had been loft to itself in tho winter for some monthH. —Wbhlor {Potjij. 
16, G27) first pointed out tho prosonco of nroa in doconiiiosod aqueous 
oyanogon; obtained it in abundanco by repeatedly saturating the docom- 
posed liquid with fresh oyanogon; and found associated with it two other 
orystallizable substances, one of which was an nmmoniac.al salt [oxalatol]. 
—According to Pclouzo & Richardson, {Ann. Pharm. 2fi, (13.) an aquooua 
solution of cyanogon, loft to itself in tho light, till tho odour of oyanogon 
is no longer perceptible, yields, after filtration from tho brown ]iroci'|)iLato 
of azulmio acid, a yellowish, neutral liquid, which sinolla strongly of 
hydrocyanic acid; gives off a lar^o quantity of carbonic acid when 
boiled; then, en further ovaperatien, evolves hydrocyanic acid and 
ammonia, and leaves a dry, pale yellow rosiduo, from which alcohol 
extracts urea, leaving about an equal quantity of oxalato of ammonia un- 
dissolvcd. (Vauqnelin's insoluble crystals woro not found.) Since, accord¬ 
ing to Pclouze & Richardson, azulmio aoid=C®N'‘IPO*, thorofoross 
•4Cy-p4Aq., it may pass over heforo the oommoncomont of tho dooompo- 
■sition which their equation expresses; iu that case the equation is as 
' follows; 


7CSN -c 14HO = 4C02 + SC’NH -c NH“ NIUO.C^O" -H C»Nnr'0=, 

hyarocvniiic oxiiliito of urirn. 

ocid. mumonla. 

■ [Mote simple relations are given by the following equation : 
lOC^N -1--20HO = 4CO’ + 4C’NH -t C''1U08 h- 2NH“ + 

oxiiiioacii. '■ urea. 


CYxVNOGEN. 
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In tlio action of aquoous ammonia upon cyauogou (p. 388), tho docom- 
positiou which takes place is, 

CCSN + 12HO = 2C=NII + cni'^os + ar-N^IT-'O’. 

oxalic acid. urea. 

But since, in the decomposition of cyanogen by pure water, 2 At. 
ammonia must bo produced to saturate 1 At. of tlio biba.sio oxalio 
acid, 4 more atoms of C“N, together with 8 more At. IIO, arc resolved into 
2NI-P + 4CO'* + 2 C‘‘NHj and those two oquatioms of CC^N-h HO and 
4C“N + 8H0 together make nj) tho above equation of 10C^N +20110. 
(Gm.)]—At all cventa, it mimt bo admitted, that in this remetion two 
difforont tranaformntious of cyanogen go on togotlior, the one con.si.sting 
in tho convorsion of part of the cyanogen into ajiiilinic acid by assuinj)- 
tion of water, tho other in the decompo.sition of the ro.st of the cyanogon, 
together with water, into tho abovo-montionod pvodnists. 

Cyanogou absorbed by alcohol is decomposed in the same manner as 
that which is absorbed by water, move slowly, however, in i>ro]iortion 
as tho alcohol contains loss water, inasmuch as tho watci; cnutrilmtes to 
tho decomposition.— Ether, aatuiutod with cyanogon, remains unaltorcd. 
(Vanquolin.)—Even perfectly anhydrous alcohol, or other, saturated 
with perfectly dry cyanogon gas, oxhibits tho same decomposition a.s tho 
aqueous solution of cyanogon; after tho lap.so of 8 months, a browii-black 
sul)stii.nco is found to bo dopositod; the cyanogon.odoui' of tho liquid is 
o.xchangod for that of hydrooya.uic acidj and tho solution coutitins a htrgo 
quantity cd' uroa, together with the other products montiouotl by Polouxo 
& llichardsou. Tho doconqiosition goes on more slowly in woil-stojipod 
bottlos than in vos.sols which arc froquoiitly opoiiod, whonoo it would 
ajipoar that tho aritioii is aooolorato<l by tlto oxygon of the air. If the 
liquid bo continually saturated with fresh cyanogon as fast as it is docom- 
posod, a largo quantity of uroa is obtained, and a considerable amovnit 
of cyanogon is required to docomiwso a small quantity of other. (Mar- 
oluind, A pr. Qhcni. 18, 104.) 

7. Cyanogou gas j)assod over red-hot carbonate of potash forms with 
it a fused mixtui'o of cyanido of potassium and oyainito of pota.sh, tho 
action boing attoiulod witli evolution of oarhonio uchl. (Wiihlor.) 

Afiueous solutions of the fixed alkalis absorb cyanogon gas ahiindiintly, 
and form first a yellow, thou a dark-brown li(inid, containing a metallic 
cyanide, an alkalino cyanuto, and an alkaline asulniato. Part of tlio 
cyanogen takes up tlio olomonts of wator, and is convortod into azuhnio 
acid, while the romaindor prodnoos tho two pota.ssium-coiHpounds : 

2C=N + 2KO - C^NVC + C=NK,03. 

Tho li(|uid troatod with baryla-wator noilhor forms n. prooipitato which 
would uiclioato oarhonio acid, nor gives off ammonia; hut wlum tho solu¬ 
tion is supersaturated with an acid, those two substances make their 
appoavanco (Gay-Lussac); for, on tho addition of an acid, they arc iin- 
modiatcly formed from tho oyanio acid whioli is sot free. (Wi'diler.) 
Vauqaoliu found iudood that potash, saturated with cyanogen, ovolvoil 
ammonia per se, tlio ammonia boing perceptible by its odour and its 
ofl’cct oil roddoiiod litiniis-papor; but, oven in this case, it may ho regarded 
as a jirodnot of tlio decomposition of cyanato of potash. 

Mercuric oxide acts like tho alkalis on aqueous cyanogon. Tho 
solution loses its odour, browns tho uiulissolvod morourio oxide hy depo¬ 
sition of azuliuio acid, and forma a liquid which gives oif carboiiato of 
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H.mmonia wlit'u lii'iUi'il, niul on I'vujionil'um yii'lilw fryHlalM (if oyauido of 
TiK'rcMtry, muI of anollior ciiiiqioiuii!, wliicli i« ju'I'Iuhim nioi'curic. oyanato. 
Tlio laHt-tiiciilioin'il itrci tninh|iiiri'iil, four Killed talilcM, ofuiu 

will) (nim'iiloi! eil/jji'w; tliev fiimi iiitd voliililizi' on ri'd lint eoiilN, williout 
(lecnijiilatioii; givi' oif liyilroryanie aeiil |pniecediuj' from admixed eyaiiido 
of merciuyl| wlien Ireated witli hyilrocldoi'in aeid; ami iUkhoIvo in 
waU'r moi'o readily llian cyatiido of mereary, forming' a Holntioa which 
docH not (livo any proeijatato with imtaili. (Vumimdin.) Hydrated 
ferrmiH oxide al«o d('«l.roy« llm odimr of ii'|iiemiH eyanoj;i'ii, aHKumiiif' a 
hrown, and aflerwardti a dark-tfveen eolour; and, after Iminj^; Heiianittid 
from the linaid W rdlralinn, ilitinolveH in Kulplinria aeid. leaviiifj; only 
a amall jiorlma of prUKHiau hl^un; tlm filtralo, when diMlilled, ttivem oil’ 
hydroeyanato of amimmia, togelher with a Kiaall (piantily of earhonalo, 
(Vamiiielim) 

H. Ai/iieiiiiii iinmtmiu alworlw eyano^'en very iihundanlly, and ia 
dec.ompirned lojtethor with it, yielding' a hrown liipiid, which, henidoH 
ammonia, eonlaina avadmio, hydrocyanic, and oxalic aeid, and area. 
(WHihlor, I'tii/p. tl, 177; I'i; 2fi;i.)~rart of the axnlmie acid ih depoHitod 
from tlm linuul BimntauoouHly, tlm rest on ovaporation. Tim oxalic acid 
may ho ^irucipitutod hy liino-watnr; and llm liquid filtorod from llio 
limo-)irocipitato, ylolda oryatala of inm, rciiniring purilloation. (VVi'ihlur.) 
Npgloclhijj; tho axulmio aoid, which ia x(dy-l'IIO), llm roaolion may ho 
thim oxprQBHod; 

0C“N + 12110 r,» 2t?Nni'02 + CdlH)" -i- 2t:“NU. 

iiton. canllo liyilruryuiilo 

iiniil. liclil. 

!), (Jyanogen gim piiHNod over rcd-lint iron i« oonvortod into nitrogen 
gaH, tho iron iii'coming hrillle and acijiiiring a coating of c.liarcoal. (day- 
IiaHHae.J Tho Holnlion in aeidn of Ihi' iron iIuin altered appeiu'M to c.onlam 
ammonia; tho carhonnceoiiH miiHH which remaiim nmlinKolved, iw partially 
Holuhio in wator, and when ignited with jiotahli yiohi.M cyanido of potiui- 
Bium, (l)ulloH, Hr. ArcU. 22, 2K2.) 

Aiiuoouh oyaimgon ngitalod with iron lilingM and then Hot iiHido, coin- 
ooinplotoly Iohoh iU odmir in 24 hmirH, I hen hocomoH yollowiMh gruoii, 
aftorwarilH dark iirown, and imipiin>H a pmigont, Hlightly inky limto. If 
tho liquid bo filtorod after it hiiH IohI tlm greator part of ilM odour, hut 
boforo it has aoijuirod any colour, it iw found to Im rich in iron, and i« 
oolourod violot hy tinotnro of gallw; on hoing mixed fli'Ht witli potimh and 
then with an acid, it yields pniBBian blim; wlmn left to ilHolf, it depowts 
all tho iron in tlm form of a yellow salt (wliioh is turned hlito liy huI- 
phurio acid), whilst liydrooyanato of ammonia Ih tho principal HiiIiHtanco 
that romaiiiH disHolvoif in llm licpiid. If tlm liquid ho not filtered from 
tho iron-filingH till tlm docotiiposition is eomplote, llm fillmlo, whon 
mixed with hydrocyanio aoid, hoenmos (IrMt carmino-colourc.d and thou 
jnirplo; on oxiioHiiro to tho air, it dopoHits dolioato needles, having a 
pungent tasto furoa 1]; and, on ignilimi, leaves a small ([uantity of forrio 
oxldo, which could not ho detected in tlm filtrate hy roagentH. Tlm iron- 
filings on tlm filter are hrown, and wlmn dissolvod in siilplmrio aoid, 
leave a residue of prussian blue. (Vanqiielin.) 

Oonibinatiom. a. With WcUer, Liquid oyauogon thms not mix por- 
oeptibly with wator, hut tho wator turns lirown in a fow days from do- 
oompositlott of tho cyanogen. (H. Davy &, Farnday,)—I vol, water at 
20® gytwiaaHy absorbs 4*6 vol, cyanogen gas, tboroby acquiring a very 
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pungent tasto and odour. (Q-ay-Lussac.)—Tlio rodness, dlsappoaring on 
tho application of' lioat, wluoli it imparts to litmus paj)or, Gay-Lussac is 
inclined to altribnto to carbonic acid mixed in small quantity with the 
cyanogen. For tho spontaneous decomposition of aqueous eyanogen, vid. pp. .'!87, .388. 

h. With Hydrogen, forming hydrocyanic acid.—c. With Hydrogen 
and Oxygen foriniug cyanic .acid.— d. With Phosphorus 1 — e. With Sidphur 
and Hydrogen, in various proportions, forming hydrosulphocyanio acid, 
hydroporsulphocyanic acid, hydroaulphocy.anogen, c^e.— f. With Iodine, 
Bromine, and Chlorine, forming iodide, bromido, and chloride of cyanogen. ■ 
— g. With Nitrogen?^ — h. With Metals, forming cyanides, which in pre¬ 
sence of water may be regarded as hydrocyauates. 

i. Cyanogen gas is absorbed to a certain extent by ether, alcohol, 
volatile oils, and a few other organic liquids. 


Hydrocyanic Acid. C“NIl=I-ICy. 

For Literature and History, vid. pp. 377, 378. 

Brussic Acid, Blausdure, Berline}-hlaiisnure, zootische S'dure, Hydro- 
cyan, IJydrocyansfhire, Acide prussiigtie. Aside hycrocyanique. Aside 
cyanhydriqve, Acidum horussienm. 

Tho kernels of hitter almonds, poachc.s, a])ricot8, plums, chorrios, and 
quinces,—tho blo.ssonis of the peach, sloo, ami mountain-ush,— the leaves 
of tho poach, chorry-laurcl, and rortuga.1 laurel,—tho young branches of 
the poach,—tho stouv-bark of tho I’ortugal laurel and monntain-n.sh, and 
tho roots of the laat-nauicd troo,—wlion soakod in water and distilled 
after a wliilo, yield hydrocyanic acid, together with a volatile oil (bitter 
almond oil), (llohui, Bchiv. J. 10, 12Cj Schrador, A. Geld. 1, 302; also 
Gill). 13, 503; Buchols!, A. Gehl. 1, 83; Vauquolin, Ann. Qhim. 4.'), 200; 
also A. Gehl. 1, 78; also Crell. Ann. 1803, 59; Borgomaun, Seim. 4, 
340; Stockmann, N. Tr. 14, 1, 240, quiuco kernels; Grnssinaun, Jiepert. 
27, 238; mouutain-a.sh.)—Tho juico of tho root of JalrophaManihol also 
yields hydrocyanic acid when distilled. (0. Henry and Boutron-Char- 
lard.—But it is only in tho inoislor of theso vogotablo sidistancos that 
tho acid or any portion of It exists ready formoil; tho gicator quantity 
is produced during the iminoreion in cold water, tho ainygdalin contained 
in tho plants being then resolved, by tho action of tho oniulsiu which 
i.s also contained in them and acts as a formont, into grape-sugar, bitter 
almond oil, and hydrocyanic ncid, tho last two substances pas.sing over in 
tho distillation. (Robiquot, Liebig, Wiihlor.) 

II Tho same opinion is maintained by Guibourt, {N, J. Bluirm. 15, 
270,) with regard to tho leaves of tho cherry-laurel, and now also by 
Lepage, {N. J. Fharm. 15, 274,) although from earlier oxporimonts 
(J. Chim. mid. [3] 4, 305) ho was led to tho contrary conclusion. 
Wincklcr (Jahrh. pr, Fharni. 22, 89) maintains that bitter-almond oil 
containing hydrocyanic ncid docs really exist in tho fresh loaves of tho 
chorry-laurof, small indeed in quantity, and varying with tho quantity 
of water which tiny contain; but it disappears completely when the 
leaves are dried. Similarly with the leaves of Brmm^ Padus and 
Aniygdalus Persica. •[[ 


Q/jtmvnl tYiAflna T/iMnofiATi oli'no.fltr Immi friv/Mi 111 


390 


methylene; SECONDARY NUCLEUS C=N H. 


its other compounds.—8, In tlio decomposition of fiilminatos.—d. In tho 
decomposition of fonniato of ammonia (p. 270).—5. In tlio dooompo- 
sitiou of aiiiygdalin. 

1‘repavatmi. A. In the aqueous state.—a. From hydratal fino- 
cyanide of J'olassium. This salt, wliich maybe regarded as 2Is.Ly,l'oOy, 
3IiO, is decomposed wliQu boated above 100^ with siilpliiirio aoi<l and 
water in such a manner that half tho cyanogen passes over in tho form 
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thereVorc 2 . 211-4 pta. (=422'8 pta.) forrocyanido of iiotiiHsium _ to 
C . 49 (=294 pts.) oil of vitriol (diluted with any convenient (puintity 
of water),—therefore nearly 10 pts. of tho forrocyanido to 7 pta- oil of 
vitriol. (Everitt, Piiil. Mag. J. C, 97): 

2(2KCy,FcCy,;mO) + GSO^ = 311Cy + KCy,2FeCy + SCKO.aSO") + 3110. 

According to this calculation, 4-22-4 pts. ferrocyanido of potassium yield 
3 - 27 (=81) pts. hydrocyanic acid (in tho anhydrous state); or 100 pts. 
ferrocyanide yield lO'lC pta. hydrocyanic acid. Geiger ohtainod by 
experiment 17-07, and Waekenroder 17-26.—A larger quantity of sul¬ 
phuric acid docs not act further on tho precipitated KCy,2li’oCy, and 
cannot therefore lead to a more abundant evolution of liydrooyunio aoidj 
on tho contrary, as it can no longer bo taken up by tho potash, it docoin- 
poaes part of the liberated hydrocyanio acid into ammonia and foriuio 
acid, and consequently tho hydrocyanio acid which distils over is einallor 
in quantity and contaminated with formic acid. It is hotter indeed to 
reduce the quantity of .sulphuric acid to one-half (3'5 pts. oil of vitriol to 
10 pts. ferrocyani<fo of potassium), so that monosulphato of potash may 
be formed instead of bisulphate; its, however, tho monosulphato is hut 
sparingly soluble, and is therefore depo.sito(l in tho cyy,stalIino form during 
the distillation, it increases the percussive ebullition caused by the whito 
crystalline powder, so that drops of the mixture .are ol'lcn thrown up, and 
mix with tho distillate. Hence it is good to throw a few clippings ef 
platinum-foil into the mixture. (I. 276.) 

The greater part of the hydrocyanic acid goes over in tho beginning 
of the distillation at a temperature somewhat above 100°; and when tho 
residual liquid attains a higher temperature, the water follows, containing 
but little hydrocyanic acid. A good condensing apparatus is thoroforo 
necessary; otherwise the hydrocyanic acid which posses over at first— 
since its boiling point is not above 27°, will for tho most jiart escape in 
vapour together with tho air of the apparatus. AVater in tho receiver like¬ 
wise tends to prevent this loss.—It is not noceasary to boil tho residue 
down to dryness; it is sufficient indeed to distil off from | to -J of tho 
liquid, according to the quantity of water present. 

. The sulphuric acid used is common English oil of vitriol, free from 
nitric acid. There is no advantage in distilling tho forrocyanido of 
potassium with phosphoric instead of sulphuric acid; on the contrary, as 
.the strength of a solution of phosphoric acid is very variable, it is less 
jssiffy to determine the exact quantity required than with oil of vitriol. 

•Aft *-1)6 ferrocyanide in water before adding 

ft readily dissolves in the water as the distillation 

arranged as to provout any 
portion of Ihe miitture from spirting over—to contain but llttlo air, inas- 
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nnioh as tlio air in escaping always carries liyclrooyanio acid vapour with 
it—and to prosout the greatest possible amount of cooling surface. 

If the diatillato should become contaminated with sniphato of potash 
and ])rus,sian blue by S 2 )irting, it must bo carefully roctihod over a small 
quantity of magnosiaj carbonate of lime, or carbonate of baryta, in an 
apparatus alTordingready uieana of coudeusatioii. Tliis however occasions 
lo.ss of hydrooyanio acid, and the roctifiod acid is much more liable to 
s])ontanoous decomposition, (Keminoricli, Br. Arch. 12, 92 ; Dullos, 
Kastn. Arch. 14, 114.) 

T!\o fidlowing mode of conducting the process may bo depended 
upon for giving satisfactory results: 10 jjarts of co.arsoly 2 'oundod forro- 
cyanido of potassium are iutrodiicod into a flask, togothor witli a cooled 
mixture of 0 pts. oil of vitriol and between 30 and 40 of water, and a 
few clippings of platinum; and the bent tube L (App. 51) is fitted into 
the flask, its .shorter arm, which is not quite njiright, being blown out to a 
bulb in the middle, so as to jrrovent any contamination of the distillate by 
matter spirting up from the flask, and its longer arm, wliicli is 3 foot 
long and doscouds gradually, being covered with a long narrow strip of 
jiapor, keiit coastimtly wot by iiioaus of the dr(q)]niig bottle, (yipp. 80.) 
The cud of this long arm is fitted by means of a cork into the nook of a 
tnhulatod riicelvor c, (App. .51,) which, if very strong hydrocyanic acid 
is to ho obtained, mu.st ho omiity a.nd surrounded with ice, but in the 
contrary enso must contain water and bo surronvidcd with ice or with 
cold water, In oithor case, a WoUor’s safoty-tiibo is fitted into tlio 
tiilnilus of tlio recoivor to convoy tlio escaping air into n. bmg-nocked 
fiaslc containing water, which retains the vest of the hydrocyanic acid, 
Tlie distillation is coiUiiiuod till tlio residue is rcdnccil to ono-foiirtli of 
tho original quantity, and in this mnniior, the acid is obtainod with scarcely 
any loss, even in summor. (Gm.) 

Tho following are other modifications of the process: 

10 pts, foiTocyanido of potassium, 3’75 oil of vitriol and 40 wntor, 
distilled till 10 ])ts. of distillato arc obtained. (Solioolo.) If no hydro¬ 
cyanic acid were lost, tho distillato should by caloulatiou contain 19 •10 
per cent, of anhydrous aoid. 

10 pts, feri'ooyanido of jrotassiuin, 5 oil of vitriol, and 10 water. 
(Ittnor.) Tho siuuo strength, pirovidod tlio distillation bo carried nearly 
to dryness. 

10 pts. forrooyanido of jiotassinm dissolved in 40 pts. of warm wator; 
fi’9 oil of vitriol [too mnclil mixed witli 1!) wator; in tho rcooivor, 20 
jmrts of wator, distilled till tlio liquid in tho recoivor amonuts to 00 pts. 
(Gieso, Bcher. Ann. 2, 337.) Should contain 3'27 por cent, of hyilro- 
cyanio aoid. 

10 pts. forrooyanido of potassium dissolved in 40 pits, of hot wator; 
mixed with 6 pts. oil of vitriol and 0 wator, and distillod in tho chloride 
of oaloium bath fVom a retort having its nook slightly liiclinod upwards, 
and oomioetod with a Liebig’s coiidoiising tube, (I. 288,) wdiioh roaolios 
to tho bottom of a tall, uarrow-nookod cylinder, containing ,50 pits, of cold 
wator. Tho mixture is distillod till the SO pts. wator are inoroased to 95 
(Goigor & Hess, Ann. I'harm. 3,318.) [According to calculation, this 
acid should contain 2'QG pier cent, of anhyarons prussic acid.^ 

10 pis. pnilvorizod forrooyanido of piotassiinri, 12 oil ol vitriol [too 
much] mixed with 20 wator; 72 water in tho receiver; 10 pits, distillod 
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•—Acc.orimii,' 1,(1 caKniiaiKiu, huh uihiiihuu hixiuki luuuiiiu a-1 1 uxui,. oi 
luiliydniUH pniHni(! lU'-id. 

10 [iK IViTocyiuiido of |iotn»Hiuni,/> oil of vitriol luid I'i/j wiitor; .'H 
wiitur in tlio r('(■(■iv((l•; iiiiiiaralUM like Waokom'odor’H; ndort lu!at((d in 
tlio clilorido (if ciilciinn liiitli to laS'; tho diMtillato iniKod with a ([Uiuilily 
of wator Hiillioiout to inaUo it n(i to 114 jiIh,; lastly, I) dro|iH of oil of 
vitriol adilcd to roinh'r tho hydrooyanio acid more ]iorniau(.int. ('t'liauhiw, 
J, pr. ('Itna, Ol, 2.12.) "Tho addition of oil of vitriol intorft'i'OH with tho 
UHO of tho acid in nmny caHOH. Acoordiiiji; toThaiilow, tho acid thuM pro- 
jiarod conlaiiiH I'.'i, hy calcidation I’ttK por emit, of aiiliydroim iirnaHio acid. 

IT 10 ptH. forrooyanido of ]i(ita.‘<Hiuin, 5 oil of vitriol, and an lulocpiato 
(piantily of water, yield, whon diHlillcd to drynoHH, from 17 to 1!) por cent, 
of tho ((nanlity of liydrooyanio acid corroHponding!; to tlio cyanogen in tho 
cyanido of potiwiHiumj if tho diHtillation ho porformod in a current of 
at^uooiiH vapour, H(l’-ti) p, o. piiHH ovor. 3 ptH. forrocyanido and 2 oil of 
vitriol twice diHtillod with a proper (|nniitity of water, yitdd Hi d ]_)croont. 
of the aoid oorrewpouding to thocyiuiogon in tho oyaniiluof potiiHHiiuii; on 
roiioating tho diHtillation four linioH, tho ((iiautity of hydrooyanio acid 
ohtaiiUKl rathor u.xcoodod that which oorroHjioiiilod to tho waiiido of 
potassium; tho rosidual sodiment amounlod to 21•1(1 p. o. of the salt; 
and tho flltrato oontaiuod a forrio aalt. Wo caiiiiot thoroforo oxactly doLer- 
miiio how much of tho oyaiiogon in tho forrocyanido is oonvortod into 
hydrocyanic ncid, inaaiiuioli ns thia miantity is ofTootod hy tlio iiiodo of 
iliHtillatioii. In ])roparliig tho moilicliial acid, tho Blrongth must ho 
dctoriuiued hy analyHis. (Mohr. Arc/i, I‘kavm. [2], tiS, 11; Jalireaber. 
1H‘17-H, 'IT'I.) II 

Oiiwp. (iiihid (/V. 7V. ,7, 2, 22).—,‘Hchrodor {IlevL Jalirh, 22, 83; 
27, 2, 73; Hv. Arch. 2, a!)).—'rrommsdorll' {T,i«chc,i!>. IH-22, 20!)).— 
GriHchow (Schiv, 33, 32,'i).—Stratiiing {Jicjicrl, 2.7, 1,7!)).—NciihauH [/Ir. 
Arch. 7,71).— HuHoh (/w(s(«. .•/?•(•//.. 14, 11; Hr. Arch. (i.'i).—•llraiidoH, 
Br. Arch. 2, 74, and 2(11).—TronuiiHilorir, .Inn. (A'. Jlr. Arch, 11, 21(1). 

1). From Ci/iniitlc of Pota.mian .— TIiIh oomimuiid in ho far hotter 
ada)itod for the preparation of hydrocyanic. aci(l, that it is docompoHod 
hy acids at luodiiim loiinicratiiroH, into a potash-siilt and hydrocyiuiic acid; 
hut there is greater dillioulty in ohtaining it in a uniformly pure stato, 
and cousoiiuoiilly in determining with acouracy tlio ipiaiiLity of hydro¬ 
cyanic that it will yield, a point of ossoutial importaiico in tho propai’a- 
tioii of tlio iiiedicinal aoid. 

1. Forrooyanido of potassium porfooUy dehydrated and then healed 
to rcdiiOHS in a well-closed iron or earthen crueihlc, ylehlH a nii-xtiiro of 
cyanide of polaHsium and carhido of iron. liohitiuot (,A Pkitmii. 17, 
C53) distils tlie (iltorod ikiuoouh Holiition of this niasH with Hiilnluirio aoid. 
Gautier {J. I’ham, 13, 17) introduces tho norfoolly tdaok nii.xluro, 
coarsely pounded, into a rotorl,, tliroiigh tho tumiliis of whicli water ami 
liydroolilorio acid [or hotter, dilnto Hulphiiric aoid] am pourod in hy moans 
of an S-tubo. As tho hydrooyanio acid is given off ahniidantly, oven at 
a very gontlo heat, tho heat must ho very cautiously ajipliod, and good 
moans of ooudonsation provided. {Comp. Boudot, J. 1‘harm. 20, 731.) 

2. A solntion of 1 pt. of oyauido of potassium prepared hy fusing 
tho forrocyanido with carhonato of potash, in 2 pis. water, is put into a 
distillatory apparatus, a cooled mixture of 1 pt. oil of vitriid and 3 water 
added by small portions, waiting boforo oaon addition till tho ollorvos- 
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oolico oauaocl by tho last has subsided; and the iiilxtuvo distilled at a 
gentle boat, (Liebig.) Since cyanide of iwtassiuin, prepared in the 
manner just niontioned, contains 1 At. cyanato of potash for every 5 At. 
of tho oyauido, and the cyanic acid liberated tberofroin is (juiokly 
resolved into carbonic acid and ammonia, tho addition of sulphuric acid 
producoa evolution of carbonic acid, and tho residue of tho distillation 
consists of sulphato of potash and siilphato of ammonia. 2 At. forrn- 
cyanido of potassium directly distilled with sulphuric acid, yield only 
3 At. hydrocyanic acid; but when previously converted into cyanide, 
they yield 5 At. of the acid. (Liobig, Ann. Pharni. 41, 288.) Part of 
tho hydrocyanic acid is lost by being carried away with tho oarbonio 
acid. It is also doubtful whothor the acid thus prepared will keep, since 
carbonate of ammonia miiy bo formed in it from tho small quantity of 
cyanic acid which passes over in tho distillation. 

3. To a solution of 9 pts. tartaric acid in CO pts. water, contained in 
a woll-atopporod bottle nearly Riled with it, 4 parts of pure cyanido of 
jiotassium are added; tho vessel shaken, frotpiontly dipped into cold 
water, and then loft in tho cold for 12 hours; and tho aquoous hydro¬ 
cyanic acid, which contains but a very small (juautity of tartrate of 
potash, poured off from tho crystallized tartrate. (Th. Clarke, Lond. 
med. surg. J. G, 524; also J. cliim. mud. 7, 544.)—According to calcu¬ 
lation, this acid contains 3'G per cent, of aidiydrou.s j^vussic acid. 

c. From Cyanide of Mercury. —1. Cyanide of mercury is agitatod 
with iron lilingH, sulphuric acid, and water, in a wolKstonpcrod bottle, till 
the li([uid no longor tastes of mercury [or bettor, till a portion of it 
taken out is no longor blaokonod by sulpliurottod bydrogon], tho solution 
thou docantod from tho iron and mercury into a retort, and distilled. 
(Schoolo.)—In this process, tho oxygon of tho water unitos with tho iron, 
for tho formation of ferrous sulphato, tho hydrogen with tho cyanogen, 
forming hydrocyanic acid, and tho mercury is separated in tho inotallio 

HgCy + Fq + HO + SO» = FcO.SO'' + HCy + Hg. 

According to this equation, 126 pts. cyanido of morcury roquiro 49 pts., 
or rather more, of oil of vitriol, together with a considerable quantity 
of wator, and at least 28 2 )ts. of iron filings; an excess of iron, howovor, 
accoloratos tho dooomposition. If tho cyanido of morcury bo carefully 
weighed, this method is very well adapted to produce an acid of definite 
strength. Tho acid distils over at a gcntlo boat. (Gm.; comp. IJuflos, 
Kastn. Arch. 14, 113.) 

3. Sulphuretted hydrogen is iiasscd through an aqueous solution of 
cyanido of morcury as long as it is absorbed, and tho solution separated 
by filtration from tho suljdiido of mercury. (Proust, Vauquolin.) 

HgCy + US =. IlgS + HCy. 

Vauquolin, who omjdoys a solution of 1 pt. oyauido of morcury in 8 ])ts. 
water, frees tho solution from excess of sulphuretted hydrogen by 
agitation with carbonate of load, till frosh portions of that salt aro no 
longor browned by it, and filters tho liquid again. But oven if those 
filtrationa bo porlormcd in n woll-covorod filter, a considerable quantity 
of iirussic acid is lost by evaporation, so that this jiroooss novor yields an 
acid of dofinito strength; nicroovor, tho acid tlius jn'cparod is a])t to bo 
somewhat contaminated with bydrosulphooyanio acid and oxide of lead.— 
Comp). Schrbdor. {Berl. Jahrh. 22, 97; Hr, Arch. 2, 59.) 
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d, From Cyanuh of Filvcr. —Cyiinido of wilvor iivooijiitatod from llio 
iiitralo liy liydi'ooyiniici acid in wualiod and drlodj iJdO RtH, of it Hliakim 
up with 240 ptH. hydrocdiloric acid of up. gr. M2!), and when tlio douom- 
poHition in oonudoto, llio liydrocyanio acid iH Ncjiaracod from (ho (diloriilo 
of ailvor by decantation. (I'ivoritt, I'kil. il/ay, ./, (!, 100.) —Thin liyilro- 
cyanio acid may contain a small (pnvntity of hydrochloric acid, hut has 
tho advantage of dolinito Htrength. 

«. From (!i/(inidti of Letid. —Tho cyanide proolpitatod from Hiigiir of 
load by prn.'i.sio acid i.s dccomposod by an oquivalont ipianlity of dlhito 
sulphuric acid, (Thomson.) A.s, howovor, tho cyanide of loail is dilliciilt 
to ilry, tho (pnintity of Hul|)huric acid required cannot bo o.Nactly dotur- 
ininodj if too little bo used, lead romains in solution, (bouboiran, jV. i/. 
J'luirm. 1, 121.) 

/. liydrocyanio acid of porfoctly dofinito strongth can only bo obtained 
by mixing woighod quantities of tho anhydrous acid and wutor. 

11, Prrjmralion of Anhydrous Ifydrocyanic Acid. —Tho groat vola¬ 
tility and highly poisonoua oharaotor of hydrooyanio acid rondor this 
jirocoHS very dangorous; it should, thoroforo, only bo porfortnod in vvintov, 
and with tho aid of frooziug inixturo. 

а, A strong aqueous solution of prnssio acid is propnrod by ono of 
tho proooding procossos, and tho water romovod from it by ohloriilo of 
caloitim, Trautwoin {lieperl. 11, 13) distils 1,5 pts, of forrooyanido of 
potassium with 9 pts. oil of vitriol and 0 pts. water, till 4 or 5 pts, of 
strong acid have passed over into tho rcooivor, which must bo surranudod 
with ICO or with a mixture of ico and salt; pours tho acid into a strong 
bottle ]iroviilod with a good stopper and kept cold by a freezing mixture: 
and adds pulverized chloride of calcium in small successive portions, autt 
with friMiuoiit agitation, so that no groat dovolojunont of heat may take 
place. The mixture, after being loft at rest for a while, Hn)iarateH into 
two layers, tho lower ono consisting of aqueous chloride of calcium, and 
the upper of hydrocyanic aciil freed from i»art of tho water. The aciil is 
then poured into another bottle, and again treated witli chloride of cal¬ 
cium; and this treatment continued till fresh quanliti('s of chloride of 
calcium added to tho acid no longer become imsty and cako togedher, hut 
remain pulverulent. By this treatment, Tranlwoin obtains from 2 to 2]) 
pts. of anhydrous acid,—[Since a considerable <pmntity of aoid is lost at 
oaoli decantation, and moreover tho vapour which cscajios may exert a 
poisonous notion, it is better to leave tho acid in tho first bottle and draw 
off tho solution of chloride of calcium by a syphon. This syphon is filled 
with a saturated solution of chloride of calcium, closed with tho finger at 
tho end of tho longer arm, and not oponod till tho shorter arm is 
doprosaod to tho lowest part of tho bottlo hold in a snmowliat inclined 
position.. As soon as tho ohlorido of calcium solution has complotoly rim 
out, tho syphon is again closed with tho finger and taken out. More 
chloride of calcium is then introdncod, die., &c. As soon as a fresh jior- 
tion of that substance no longer bocomos imsty, tho aoid may lie docanted 
into a well-cooled bottlo containing pulvorizod ohlorido of’ calcium, ami 
finally into a clean bottlo. (Gm.)] 

б, Vapour of strong prussic acid evolved from a mixture, is jiassod 
ipMnadiatoly over chloride of calcium, which retains tho water, 

.1, The conooutratod and fdtoi'od solution of tho black inixturo of 
cyanide of potassium and carbide of iron loft after ignition of tho forro- 
cyanide (p. 892), is distilled, and tho vapour passed through a tube filled 
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with cliloi'ldo of calcium into a coolotl roooiv^or, (Robiquot, J, .Vharm. 
17, 053.) 

2. The black mixture iust luontionod is put into a tubulated retort 
audmoiatonod with watorj liydrochloric acid ])oiu'od in tlirougli an S-tnbo; 
and tho ov(dvod hydrocyanic acid (according to Lray-Luasac's inotliod) 
passed tlirmigli a tube, the fore p.art of which contains pulverized marble 
(to retain the hydrochloric acid), and tho liiiulor ])art, cbhuddo of calcium 
(to retain the water), and tUonco through akucc-alnipod tube into a bottlo 
surrounded with ice. (Gautier,./. I'hurm. 13, 17.) 

3. A mi.xturo of 8 ])ts. forrocyanido of ]iotassium, 3 jit.s. burnt tartar, 
and 1 pt. charcoal is fused in a covered orncihlo; tho fused muss digested 
with 6 times its weight of water in a vessel winch can bo closed; and 
tho clear solution decanted from tho sediment of iron and charcoal into a 
tubulated retort, which is conncctoil with a glass tube horizontal in tho 
nearer part, bent downwards at a certain diataneo from the retort, and 
pa.ssinginto aU-tubo. This TJ-tnho i.s placed within a cylinder containing 
c(dd water, and i.s (illod with chloriilo of calcium, oxeopting at tho end 
where the vapours outer, and at this end are placed amall pieces of tho 
fused mixture above mentioned. The other end of the U-tuho is con¬ 
nected by a bout tube with tbo glass, wbleh sorves as a receiver, and is 
Burroumled with ice, or bettor, with a froozing mixtiiro. A ooohid mix- 
of 1 pt. oil of vitriol (tho fn.soil mi.xtnro whoso solntion is contained in 
the retort being supposed = 2) and 1 pt. water i.s then poured into the 
retort by simdl portions at a time, through a fiuniol-tubo adapted to tho 
tubulus. The mi.xLure starts sponluneously into strong obnllition, so 
that tho sulphurio acid must ho added shtwly, and tho greater jiart of 
tho hydrooyanie a,oid distils over witliout the ajjplieatiou of heat. 
Finally, when all the .sulphurio aci<l has boon added, ami tho boiling has 
ceased, tho retort ia heated till tho contents begin to boil gently; and tho 
cylindor in whieh tho oldorido of oaloinm tube is immersed, is emptied of 
cold water and filled with water at 30"—35*’, to volatilizo tho iiriussio 
nolcl there condonsod, and oanso it to posa over into tho recoivor. (Wbhlor, 
Berzdim Lehrh. 1, SlO.) 

The mixture of 8 pta. forrocyanido of potaaslinn, 3 pta. burnt tartar, 
a.nd 1 pt. cluu'ciail, forma, after ignition, not a fused maas, but a coarso 
powder. Tliat part of it wbioli ia introduced into tho nearer end of tho 
U-tuho ia converted, by tho first jiortions of water that pass over, into a 
mud whicli atop.s up the U-tuho, and thorehy caiisoa tlio llipiid in tlio 
retort to sjnrt iiji through tho funiicl-tuho. And ovon if tho £j-tuhe con- 
tains nothing hut lumps of chlovido of calcium, tho largo iinautity of 
water whicli jiassea ever quickly liqiiofios the chloride of caleimn, ami 
eonsoqiieiitly the jn’occss must ho iiilci'riiptcd wlicn onlyaHinal) portion of 
tho acid lias piissed over. For this r(!a.M(m, it might ho ailviaiudo to n.so 
a smallor quantity of water to dissolve tho ignited mass. On tho wholo, 
porliaps Tniutwoin’a method of dehydration is the host, althougli it may 
jiurhiip.s 1)0 found jirofoiuiilo, in jirejuiring tho hydrated acid, to uso VVtihlor's 
mixture instead of tiio forrocyanido of potassmni. (Gm.) IT To ohviato 
tho.so ohjoctions, Wohlor now rocoinmonda tliiit tlio nock of tho retort ho 
inclined upwards at an auglo of about 45*', ami an iiitorinodiato vossol 
ccutaiuiug a small quantity of clilorido of calcium or cyanide of jiotas- 
sitim placed hotwceii tho retort and tho U-tnho. Tho ohlerido of calcium 
tube ami tlio intervening vossol arc immer.scd from the hogiimiiig of tho 
operation in water at .’lO"', and tlio jirussic acid vapour ia coudoiiaed in a 
tall narrow vessel, aurroumlod with a mixture of ice ami salt; the acid 
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is thou ohtaiiioJ in tho crystallized atato. Tlio clioaiiost imido of pro- 
imving auhydroua lU'iissic acid ia hy tlio direct dcc()iupiinitiou of forro- 
cyaiiido of potiiSHiuiii, viz., by distilling in tho apjiaratiis ju.st tloHorihod, a 
iuixt\iro of 10 Jits, of that salt with 7 pts. oil of vitriol anil water; 
tho fuunol-tnbo may thou bo disponsod with. Tho iiii.Ktiu'o boils regu¬ 
larly and without porcus.sion over an open charcoal lire. PAwni, 

7a, 21H; Juhmher. ISfiO, a.IO.) T 

4. Cyauido of mercury ia goully hcatod with aipiaous hydrochlorio 
acid ill a rotort, tho nock of which ia emmootod with a tulm O O met. long 
and O'Ol mot. wide. In tho first third of this tuho avo |dac.od fragmouts 
of marblo, aud in tho other two-thirda small jiiocos of lu.sed chloriilo of 
calcium. Tho tube jiassos into a rocoivor siirroiindod with ico or with a 
froozing mixture. Tho prussic acid whicli condonsos in tho marblo and 
tho chloriilo of calcium, is gradually driven into tho rccoivor by gently 
heating tho tubo from tbo oud next tbo rotort to tlio other cud. (day- 
Lussao.) Ittuor, iiroeoodod in tbo saiuo way, oxoojiting tlm.t lio roeoivod 
tho vapour of tho prussio acid over morcury. If tho iiydroclilorio acid 
is in oxcoHS, pnrt of tbo evolved liydrocyauio aoid is oonvortml into 
ammonia (aud formio acid), so tliat sal-ammouiiio is found in tbo rosiduo, 
togothor -with tho corrosivo siiblimato. (Vainjuolin.) IIouco tho ipiantity 
of hydrochlorio aoid used must not bo greater than that wliiob is ii.bso- 
lutoly rcijuirod to olToct tlio decomposition. (1‘olouzo.)—120 jits. cyanido 
of mercury require, to dccomjioso thorn, 17!) jits. liydroohlorio aoid of 
sp. gr. riO, or 120 pts. of ap. gr. 1-lC, or 04 pts, of sn. gr. I'lO.)-— 
P. v, Schulz (Soher. Ann. 0, 310) conclcnsoJ tbo hyarooyanio acid 
evolved frem 0 ounoos of cyanido of moroury and 4 ounces of liydro- 
ohlorio noid in a second tubulatod rotort, filled with a mixture of oluorido 
of calcium aud carbmiato of liino, and kojit cold,—and then immorsod 
this second rotort, after cl().siug tho tuhulus, in water at 37’.'5‘V' -wlioro- 
npon thoro passed over at first a drachm of traiiHiiaroiit and eolmivlesH 
prussio aoid, which did not coiigoiil at — 37’5° ((iay-lmssno’H aoid frozo 
at —10"), romainod unaltorocl for a week at — 2 . 0 '', hut at — 10 ’ was hooh 
converted, without loss of weight, into a dry, black snlistaiico. [Did it 
contain much ammonia 1] 

c, Tho liydrocyauio aoid is ovolvod directly in tho anhydi’ous stato.-— 
Vauqnolin passes dry sulphurottod hydrogen gas in a slow oiirront 
through a tubo flllod with dry pulvorizod cyanido of moroury—oxcojit at 
the farther ond, whoro thoro is placed a small quantity of oarhomito of 
load—and connootod with a rocoivor surroundod with ico and salt. Tho 
process is stopped ns soon as tho carbonate of load begins to hlnokon, 
indicating that sulphurottod hydrogen ia about to puss into the roooivor. 


Testing of ITydrocyanio Acid, especially of the Hydrated Acid.'' 

Tho acid should bo transparent and colourloss; should not roddon 
litraus, or if it does, the roddoning ought to bo fooblo and tranaiont; and 
Should evaporate at 100° without leaving a rosiduo. 

St/rength. —1, Detorraining the specific gravity does not afford an 
«*^<5|,estitnation of tke strength. {Jivo,Schw. 30, 282,)—2. To a woighod 
tftiaflMty Of the aqiieous aoid a weighed quantity of finely powdorod rod 
Si—I® added, by small portions aud with agitation, till tho 
mst poiliOpi added remain undissolved, and tho odour of hydrocyanic 
acid is no lop|er peroeptible. The weight of tho remaining quantity of 


tlio c^uantifcy dissolved; and since 108 pts. of morcuido oxide roipiiro for 
solution 27 j)ts. of anhydrous prussic acid, it follows that 4 pts. of inor- 
ciiric oxido dissolved indicate the presence of 1 ))t. of anliydrous acid in 
the liquid under examination. (Uro, Quart. J. of Sc. 13, 821; also Schiv. 
36, 282.) As tlio cyanide of mercury thus foriuod is capable of talcing 
up more of the merourio oxido, oven at ordinary tonipcraturos, forming, 
indeed, the compound HgO,H'^Cy; this method is apt to give too 

t reat an amount of hydrocyanic acid, e.specially if the liquid ho not 
opt cool, and the addition of mercuric oxido stopped as soon as the 
odour of hydrocyanio acid has disappeared. Moreover, it must first ho 
ascertained that tho prussic acid to ho o.xaminod is free from hydrochlorio 
acid, which would likowiao dissolve mercuric oxido. In this case 
Googhogati saturates tho hyilrochloric acid with carhonato of lime before 
adding tho mercuric oxido.—This method is not applicable to chorry-laurol 
water, bitter almond water, <Ssc., because these waters contain a vegotablo 
acid, probably benzoic acid, which likowiao dissolves mercuric oxido. (Undos, 
Kasln. Arch. 14, 88.)—3. Nitrate of silver mixed with a small quantity 
of ammonia, such that tho li(|uid, after precipitation, may bo rather acid 
than alkaline, la dropped into the hydrocyanic acid, as long as any pre¬ 
cipitate of cyauido of silver is produced; tho precipitate collected on a 
small filter previously dried at 100'^ and weighed; and tho precipitate 
and filter washed and dried together at 100'^ and weighed.—134 pts. of 
cyanide of silver indicate 27 pts. of anhydnms prussic acid.—Tho acid 
may also bo precipitated by a mixture of nitrate of silver and ammonia, 
and nitric acid thou cautumsly added to tho liquid till a slight acid 
reaction is produced, (l)u(loa.) This method is the most accurate of all. 
ir 4.—1 At. cyanide of potassium forms, with 1 At. cyanido of silver, a 
soluble double cyanide which is not docoinposod by excess of alkali. If 
thou a liquid containing hydrocyanic acid bo mixed with solution of 
caustic potash till a strong alkaline reaction is produced, and then with a 
graduated solution of nitrate of silver till tho liquid begins to show tur¬ 
bidity, t At, of silver used will correspond exactly to 2 At. hydrocyanic 
present in tho liquid. The presence of formic or hydrochloric acid has no 
influence on tho result. This method is quite as accurate as tho la.st, and is 
apiilicablo to bitter almond water and hiurol water, as well as to medicinal 
prussic acid. Bitter almond water, which is turbid from tho prosonco of 
oily drops, must first ho mixed with three or four timos its hulk of water 
to render it clear; othorwiso tho limit of tho reaction will not bo soon. 
(Liebig, Ann. Pharm. 77, 102; Pharm. Genlr. IS.'JJ, 334; N. J. Pharm. 
19, 297; Chem. Soc. Qu. J. 4, 219.) T—5. Mercurous nitrate is added 
to tho hydrocyanic acid, and tho quantity of motalllc morcury thereby 
prooipitatod ascertained. As tho reaction which hero takes place is; 

HCy + Hg’O = HgCy + HO -i- Hg, 

it follows that 100 pts. (1 At.) mercury indicate tho prosonco of 27 pts. 
(1 At.^ of hydrocyanic acid. According to Jahn, this mode of dotor- 
iniiuition is loss exact, and gives too little hydrocyanic acid; because tho 
nitric acid which is sot free rcdissolvos a portion of tho precipitated 
moroury [and because tho mercury-solution may likewise contain mer¬ 
curic nitrate].—6. Tho hydrocyanio acid is mixed, first with potash, thou 
with a forroso-ferric salt, then with excess of hydrocldoric acid, and tho 
weight of tho resulting prussian blue dotorminocf in tho same manner as 
that of tho cyanide of silver in (3), excepting that tho filter, and tho 
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• -1 filfov too'etlier, must be dried at a temperature not 

prcoipi a o jn this process, 610 pts. of prussiaii blue (regarded 

rFo^SioHO) indicate 2^43 pts.. of hydrocyanic acid =100 : 40 
fL^rditi^- to Ittner, 100 pts. prussian blue correspond to 48 l.ydio- 
scld') The determination is, however, uncertain, inasmuch as 
Prussian blue coutains variable quantities of water and ferrocyauide of 
potas-sium. 

Contcminalion wilh Sulphuric, ITydrocIdoric, Nitric, Tartaric and 
other of the stronger Acids.-1. Tincture of litmus is strongly reddened 
bvthe'^acid thus contaminated, and retains its red colour alter a days 
cxtiosiire to the air.—2. Hydrocyanic acid contaminated with a stronger 
acid throws down red iodide of mercury from the colourless solution ot 
the compound of cyanide of mercury with iodide of ,iotassuini. That this 
test may give correct results, however, the hydrocyanic acid must be Irco 
from alwhol, because that liquid would retain the iodide of mercury m 
solution. (Geoghegan. Fhil. Mag. J. 7, 400; also J. pr. Ohem. 7, 09.) 

Contamination with Sulphuric ylcirf.—Turbidity with chloride of 
barium. 

With Hydrochloric Acid.—As the cyanide of silver precipitated by 
hydrocyanic acid from niti-ate of silver is very much like the chloride 
obtained with hydrochloric acid, the following distinctive tests are re¬ 
quired besides those above mentioned.—1. The acid mixed with ammonia 
and evaporated on the water-bath, leaves a residue of sal-ammoniac, the 
hydrocyanato of ammonia passing off in vapour.—2. When a small 
quantity of borax is dissolved in the acid, and the liquid evaporated to 
perfect dryness; the aqueous solution of the residue gives a precipitate 
with nitrate of silver, if the acid originally contained hydrochloric acid. 
(Wackenroder.)—3. The precipitate obtained with e.xcess of nitrate of 
silver does not dissolve completely in warm concentrated nitric acid, if 
it contains chloride of silver as well as cyanide. (Liebig, Ann. Pharm. 
18,70.) 

With Sulphuretted Hydrogen .—Brown precipitate with solution of 
cyanide of mercury. 

With Ammonia .—Prussic acid thus contaminated, soon turns brown; 
treated with strong potash in the cold, it gives off ammonia, recognizable by 
the cloud which it forma with hydrochloric acid; evaporated with a small 
quantity of bisulphato of potash, it leaves a residue containing ammonia. 

With Oxide of Lead .—This impurity is found in Vauquelin’s prussic 
acid; it may be recognized by the precipitates which it forms with sul¬ 
phuretted hydrogen and sulphuric acid. 

With Cyanide of Mercury .—This impurity is present in the acid 
prepared by Vauquclin’s method, if the current of sulphuretted hydrogen 
has not been continued long enough. 

With Formic Acid .—May be present when the acid has been prepared 
by distilling a cyanide with excess of sulphuric or hydrochloric acid. It 
causes the acid to redden litmus, although no hydrochloric or sulphuric 
acid is present. On dissolving mercuric oxide in the acid and heating 
the solution, the mercury is reduced, producing a grey cloud and a pre¬ 
cipitate of mercurial globules. (Wackenroder.)—If the greater part of 
the liquid be evaporated at a gentle heat, the residue reduces mercurio 
oxide with effervescence. (Geiger.)—200 pts. of mercury thus precipitated 
indicate the presence of 46 pts. of formic acid.—By digesting the acid 



thus contaminated Tvitb carbonate of lead, and evaporating the filtrate, 
needles of formiate of lead are obtained. 

With Hydrostdphocyanic Acid. —In Vauquelin’s acid, a few drops of 
a ferric salt produce a deep rod colour. 

A residue left after evaporation of the acid over the wator-batb, may. 
consi.stof: Phosphoric or sulphuric acid, sulphate of potash, prussian blue, 
bitartrate of potash, oxide of lead, cyanide of mercury. 

Properties of Anhydrous Hydrocyanic Acid. —Transparent, colourless, 
mobile liquid. Freezes at —15'', forming a fibrous crystalline mass. (Gay- 
Lusaao.) Specific gravity of the acid prepared according to B, 6, 4, 
p. 305, = 0'70583 at 7'' and O'GOGOat 18“ (Gay-Lussac); of that obtained 
by the process D, a, p. 394, = 0'705 .... 0-710 at G° (Trautwein); of 
the acid obtained from cyanide of ineroury by sulphuretted hydrogen 
(B, c, p. 39G), 0-70G at 2-8'’ (Cooper.) Refracting power 1-275. (Cooper, 
Phil. Mag. J. 14, 18G.)—Boils at 20-5“ (Gay-Lussac), at 27-5....29°. 
(Trautwein.) Tension at -h 10' = 0-38 met. Hydrocyanic acid eva]>o- 
rating in a constant quantity of air at 20“, increases its volume five 
times. A drop of the acid evaporating in the air on a glass rod or on 
paper, produces a degree of cold by which the remaining portion is 
frozen. Sp. gr. of the vapour = 0-9740. (Gay-Lussac.) Refracting 
power of the vapour (L, 95). The feeble [tolerably strong] reddening 
of litmus produced by this acid, disappears as the acid evaporates in the 
air. (Gay-Lus.sac.) 

Hydrocyanic acid has a very powerful odour resembling that of bitter 
almonds; its taste is cooling at first, but afterwards bitter and piungont. 
The vapour when inhaled excites coughing, giddiness, and head-acho. 
This acid destroys life more quickly than any other narcotic poison, the 
quantity of the real acid required to produce fatal elfects being smaller as 
the acid is less diluted with water.—Since a trace of hydrocyanic acid 
prevents the oxidation of sugar (but not that of albumen or fibrin) by 
iodic acid (p. 12G), the poisonous action of the acid may perhaps arise 
from its intorforing with the oxidation, by the respiratory process, of 
various substances contained in the blood; ferrocy.anidc of potassium, 
which docs not prevent the oxidizing action of iodic acid, is likewise 
destitute of poisonous properties. (Millon, P. Ann. Chim. Phys. 13, 40.) 

Hydrocyanic acid forms a white, curdy precipitate with nitrate of 
silver; when mixed with potash, then with a forroso-fcrric salt, and then 
with excess of hydrochloric acid, it yields prussian blue. 

TT Mixed with sulphide of ammonium and gently heated till tbp 
mixture becomes colourless, it yields a liquid containing sulphocyauide 
of ammonium, which gives with ferric salts a very strong blood-rod 
colour, and with cupric salts, in prcsonco of sulphurous acid, a white 
precipitate of cuprous sulphocyanido. (Liebig, Ann. Pharvi. Gl, 127; 
Phil. Mag. J. 31, 140; Jahreshcr. 1847-8, 987.)—This is an extremely 
delicate test. According to A. Taylor, {Ann. Pharm, GO, 2C3,) it will 
show distinctly the presence of of a grain of anhydrous prussic acid 
in a very dilute liquid, whereas the prussian blue test is not ca,pablo of 
detecting less than grain. Tho best mode of applying the test, 

according to Taylor, is to place the liquid containing tho hydrocyanic acid 
in a watch-glass, and cover it with another which is moistened with a 
drop of sulphide of .ammonium. After a fow minutes, the uqipcr watch- 
glass is gently heated till the sulphide of ammonium is dry, and tho dried 
residue is treated with sesquichlorido of iron. IT ■ 
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Decompositions. I. Vii|)nur of Iiydroo^anio iioiil jiiinhikI tlii'oiigli a 
red-hot ^lorcoliiiu tnho, is partly re.sofvotl into ('yaiiofien, liyilrogcni, luul 
nitrogen gas [and ohareoari| ((lay-IjiiHsan), — ii. llyilroeyanio ae.iil 
vapour mixed with hydrogen is hut iinporfiuitly deeompoHod hy a hiuiooh- 
sion of oloctrio sparks, tho gasooiis niixtnvo deposiling a Ninall i|uanti(w of 
charcoal and increasing porcoptihly in volnino. (Ua^-Liissao.) [I'liis 
expansion is not very easy to account for, unloss it Im duo to tho 
formation of carhonio oxide or hydrogen uriHing from tho prosoneo of 
water.]—3. Tho liquid acid placod in tlio clreuit of tlio voltaic hattory 
yields hydrogen gas at tho nogativo pidoj no gas is sot froo at tho positivo 
polo, because, aooording to Quy-Lussne, tlio cyanogon thoro separated 
remains dissolved in tho hydrocyanic acid, or, according to Davy, bocauso 
cyanide of platinum is forniod. 

4. Tho aiihydroua acid and its vapour, when sot on (Iro hy flaiiiiiig 
bodies, burn in contact with air or oxygon gas, producing carhonio acid 
and nitrogen. According to Schoolo, tho vapour IniriiH with ahliiish rod 
or yellow flame.—The _ vapour mixed with oxygen in tlio doloiiating 
eudiometer, explodes with great viidcncc on the ])aHHiigo of an oloctrio 
spark_(Ittner), foniiiiig also a white cloud. In this roaction, a sinall 
quantity of nitric acid is produced iw well iis carhonio acid, water, and 
nitrogen. For connileto coinhustion, 2.J vid. oxygen are required lo‘.ivol. 
hydrooyanio vapoiirj after the explosion, 1^ vid. gas (1 vid. hydrogen 
and ^ yol. oxygon) are found to have disii]ipeareil, and there renmiii 2 vol. 
carbonic acid and I vol. nitrogen. (Gay-hiissae.)—Also wlieu the va[Jour 
is passed over red-hot oxide of copper, there are foriiied 2 vid. carbenio 
acid and 1 vol. nitrogen, together with water. ((lay-Liissao.) 

5. Tho anhydrous acid poured into a. holtlo fllliid with dry ehloriiio 
gas is converted in suiishino into liydroclihirio acid and solid chloride of 
cyanogen: 

3c;=Nn + oci (;"N»(;p a .inch 

If the hydrocyanic acid is in excess, a ytdlow or red and more viscid 
mixture is piodiiced, censistiiijg of selid elihiride of cyanegen and hydro¬ 
cyanic acid.—If tlio chlorine is moist, dccoiiipoHitioii fakes jdaco even in 
the dark, heat heiiig c vid veil niid ii siiiull quaiility of solid ehlorido of 
cyanogen termed, togellier with rurluuiie aeid, carhonio oxide, hydro- 
chlonc acid and aiiiiiioiiia.- I’rohuhly in tliis inatiiicr! 

CSNII +■ Cl + .lilt) CO s CO' + NlUCl, 

If the vessel containing the hyilroc.ynnio acid and moist ohloritio ho 
exposed to the sun, sal-nmnioniao is formed, together witli tlio yellow oil 
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which is produced by the action of moist chlorine upon cyanogen (p. 885), 
and regarded by Gay-Lussac as chloride of cyanogen. fScrullas, Ann. 
Chim. Phys. 35; 200; 38, 378.)—The action of chlorine upon diluto 
hydrocjranic acid produces carbonic acid, hydrochloric acid, and ammonia, 
which IS decomposed by the further action of tho chlorine. (Ittnor; comp. 
Borthollot, Ann. 01dm. 1, 35; Stulique chim. 2, 203; Gay-Lussac, Ann. 
Chim. 05, 200; also Schio. 16, 55; also Gilb. 53, 168.)— Iodine or phos¬ 
phorus volatilized in dry hydrocyanic acid vapour oxorts no action. 
(Gay-Lussac.) According to Porrott, iodine with aqueous hydrocyanic 
acid fcrins hydriodic acid and cyanogen. — 0. Aqueous hypoehlorons 
acid with aqueous hydrocyanic acid forms chloride of cyanogen, cyanurio 
acid, hydrochloric acid, and free chlorine. (Balard.)—Nitric acid and 
hydrochloric acid [?] heated with anhydrous hydrocyanic acid to tho 
boiling point of tho latter, exert no action upon it. (Trautwein, lieperb. 
11, 15). Aqueous iodic acid likewise exerts no action, oven with tho 
aid of licat. (Millon.) 

7. Moderately strong Sulphuric or Hydrochloric acid decomposes 
hydrocyanic acid, doubtless by its predisposing ailinity for ammonia, into 
ammonia and formic acid, tho elements of water taking part in the 
change (I’olouzo): 

C^NH + <1110 = NIP + C H O'. 

A mixture of equal volumes of anhydrous hydrocyanic acid and fuming 
hydrochloric acid solidilios in five minutes, Avith rise of tonipcratiiro, 
forming a crystalline mass, which, when distillod, yields first hydrooyanie, 
then hydrochloric, then formic acid, and loavo.s a rosldno of sal-ammoniac. 

■—Sulphuric acid decomposes hydroevanio acid move slowly; tho mixture 
when distillod after a while yields formic acid; but if tlio sulphuric acid 
is in too largo quantity or too concentrated, carbonic oxide (a iiroduct of 
tho decomposition of formic acid by sulphuric acid) is given elf.—With 
cyanide of potassium, also, oxcosa of hydrochloric acid produces sal-uinmo- 
niao and formic acid, besides chloride of potassium. (Polouzo, ylnn. Chim. 
Phys. 48, 395; also J. Pharm. 18, 172; also Ann. Phnrm. 2, 84.)— 
Kiihhnann long ago romarkod (yJn». Chim. Phys. 40, 441; also Schto. 
56, 356; also ^’ 0 ^ 5 ', 16, 367) that a mixture of hydrochloric and anhy¬ 
drous hydrocyanic acid deposits crystals of sal-ammoniac; and that nil of 
vitriol mixes with tho product, producing rise of tomporaturo, and though it 
does not deposit any crystals, gives olF on tho iipplication of heat, first 
hydrocyanic acid, then alargo quantity of corabustlblo gas (carbonic oxide), 
and loaves a residue of sulphate of ammonia.—According to Trautwein, 
a mixture of oil of vitriol and anhydrous prussic acid becomes heated 
after a while, thou intumoscos strongly with a his.sing noise and evolution 
of sulphurous acid [formic acid and carbonic oxidol, and turns black.— 
Aqueous bisulphato of potash digested for a long time with hydrooyanie 
acid and evaporated, does not give rise to tho formation of ammonia. 
(Gra.) 

8. Tho same decomposition of hydrocyanic acid into formic aoid and 
ammonia, is produced by tho action of fixed alhalis at high temperatures, 
doubtless in consoquonoo of their predisposing affinity for formic acid 
(Polouzo, and, likewise, Geiger, Ann, Pharm. 17, 44) : 

C^NH -h ICO -I- 3110 = C^NKO' -I NIP. 

Cyanide of potassium, boiled in tho state of concentrated aqueous solution. 




Ull oiUWiyj ou LiiibU) uv/ tuii. vi»u V'yil'iitiiu VJl iu lu 

noccssmy to l)oil ^or a loiijr fcliuo, and with &c(jiiont roiicwal of tlio water. 
(I’clouzo.) An excess of potash may possibly accclorato the decompo¬ 
sition. At ordinary tonn)oraturos, potash does not separate aininouia 
from hydrecyanio acid. (Gm.) 

9. Witli Peroxide of Lead, aqueous hydrocyanic acid yields oyanido 
of load, water, and cyanogen (Liebig, Ann. Pliarm. 25, 3): 

2nCy + PbO’ = PbCy + 2110 -I- Cy. 

Peroxide of Manganese coinplotoly absorbs hydrocyanic acid vapour inixod 
with hydrogen gas, but without separation of cyanogen. (Gay-Lu.ssac.)— 
Willi Ovpvio oxide, hydrooyanio acid vapour mixed with hydrogen slowly 
produces, at ordinary temporaturos, oyanogen gas and water. (Gay-Lnssao.) 
[In this case, dicyanido of copper is probably formed: 

2nCy + 2CuO = Cu’Cy + 2110 + Cy.] 

Certain hccsio melallia oxides act immodiatoly on aqueous hydrocyanic 
acid, forming water and anhydrous metallic cyanides: e.g., cuprous oxido 
and silver-oxide; others form solutions, which may bo regarded either iw 
hydrated motallio cyanides or as hydrocyanatos of metallic oxides, some 
of which, however, are converted into anhydrous oyanides oven in crystal- 
lir-ing; e.g., mercuric oxide; others on evaporation to dryness; e.g., ])otush. 
When vapour of anhydrous prussic acid is passed over strongly heated 
Baryta, the baryta booomos heated to dull redness, and fuses iiniiorfoctly, 
giving off, not water, but hydrogen gas; hydrate of potash gives off a 
larger quantity; carbonate of soda likewise evolves carbonic oxido gas. 
(Gay-Lusasc.)—Gay-Lussac supposed that a compound of cyanogen witli 
baryta, potash, or sodu., was formed in this reaction; porha[»s however 
there is formed a mixture of alkaline cyanato and metallic cyanide: 

2C2NtI + 2UiiO = C^NUttO^ + C=NBa -l- 211. 

10. When hydrocyanic vapour is diffused through hydrogen or nitro¬ 
gen ;ufU8 to the amount of 2 voi., and potassium is hoato’d in tho mixture, 
cyanide of potassium is formed and 1 vol. hydrogen gas separated. (Gay- 
Lussao.) 

11. Vapeur of anhydrous prussic acid passed over fine iron wire 
heated to redness in a tube, yields nitrogen and hydrogen gases in 0 ([nn.l 
volumes, and a brittle mass of iron, partly combined, partly coated with 
carbon. (Gay-Lussac.) 

12. Hydrocyanio acid, oven when kept in tho dark in closely stop¬ 
pered bottles which are quite filled with it, (locomposos witli various 
dogroos of rapidity, bocoining brown and visoid, and yielding hydrooyanatc 
of ammonia and a brown solid substance (paraoyaiiogon or a/.ulmio aoidl) 
(Ittnoi; Gay-Lussac.)—Tho more tho acid is diluted with water or aioohol, 
tho loss is it liable to decomposition. Whothor alcohol rotavds tho 
decomposition more than water, and wliotlior light nocoloratcs it, arc 
questions whioh requiro to bo settled by direct oxporimont. Gay-Lussao’s 
anhydrous prussic acid (p. 390) somotimos docomposos ovon in an hour, and 
never keeps longer than fourtoon days. (Gay-Lussac.) Trautwoin’s anhy¬ 
drous acid (p. 394) often keeps for a year (for sovoi-al years, according to 
my experience) hoforo decomposition begins; but tho addition of a small 
quantity of potash or ammonia converts it in a fow hours into a 
brownish black magma. (Trautwoin, Eeperl. 12, 161.) Hydrooyanio 
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acid prepared according to Vauqnelin’s method (p. 306), by deconqiosing 
dry cyanide of mercury with dry sulpliurottcd hydrogen, nuiy bo Icopt 
unaltered for two months in the winter, either in tlio dark or cxposoil to 
light. (Cooper.) —The same hydrocyanic acid soinetiiues exhibits various 
degrees of porinanoncy oven under tlio same circumstances. A sample 
of Gay-Lussac’s anhydrous acid was mixed with 3 times its volume of 
alcohol, and divided between two bottles, so that each should contain 
3 drachms; and the bottles wore covered with black paper, put into a 
wooden box, and kept for 8 years in a dark cellar. On being taken out, 
the liquid in one bottle was found to be transparent and colourless hydro¬ 
cyanic acid, which had undergone no alteration; 4 drops of it killed a 
dog in a minute; but the liquid in the other bottle was turbid, had no 
taste or smell [not oven that of the alcohol?) and half a tea-.spoonful of it 
had no oflect upon a dog. (Lalando, J. Chini. mid, 13, 228.)—Since, 
according to Trautweiu’s oxpcrionco, alkalis accelerato the dccoinpositlon 
of hydrocyanic acid, it was natural to suppose (llauJb. Anil. 3, II., 4G7) 
that vory small quantities of a stronger acid would retard it. This 
expectation a])pcars to bo confirmed by tbo following more recent obser¬ 
vations ; Hydrocyanic acid rootificd over magnesia decomposes vory 
quickly. (Schrador, Ued. Jalirb. 25, 1, 20; Kommerich, Jir. Arch. 12, 
02.)—AVhon hydrocyauio acid whiclx is beginning to turn brown is dis¬ 
tilled alone, the colourless distillate likewise turns brown vory quickly;- 
but if it bo distilled over pho8|)horic acid, which retains the ammonia, 
tho distillate is permanent; in general, any sample of hydrocyanic acid, 
either aqueous or alcoholic, may bo rondorod fit for keeping by distilling it 
over phosphoric acid. (Ilufios, Jiastn. Arch. 15, 210; also Hr. Arch, 
20, G5,)—Hydrocyauio acid containing hydrochloric acid keeps bettor 
than tho pure acid. (Barry.) If hydrooyanio acid bo distilled over lime, 
and 5 drops of h^clroclilorio acid bo added to 2 oz. of tho distillate, tho 
acid so treated will keep, whorena tho portion not mixed with hydro- 
ohlorio acid soon turns brown. (Evoritt.)—Perfectly pure hydrooyanio 
acid, oven when mixed with water, soon turns brown; but a trace of 
Bulphurio or hydrochlorio acid prevents the docompositiou. (Liebig, Ann. 
Phann. 18, 70.)—Rectification over bases deprives hydrocyanic acid of 
any formic, sulphuric, or hydrochloric noid that it may contain,—sub¬ 
stances which exert a protective notion; but by rectification over phos¬ 
phoric acid, any ammonia which may bo present and would induce decom¬ 
position is withdrawn, and perhaps a volatile acid, such as formic acid, 
set free.—This spontaneous docompositiou of hydrocyanic acid cannot bo 
stoichiometrically developed till tho conipoaiticn of tho brown substance 
produced in it shall have boon ascertained. If this substance bo actually 
paracyanogon =:C“N’, or a hydrate of that body, other products must bo 
jfonnod beside hydrooyauato of ammonia; if on tho contrary it bo G“N’‘, 
tho equation will bo: 

4C=Nn =. C»N’ + NID.C’NH. 

Oomhinaiions 'of Hydrocyanic Acid. — a. With Water.—Aqueous or 
Pilule Hydrocyanic acid. Hydrooyanio acid mixes with water in all 
proportions. (Preparation, pp. 390-384).—Tho aqueous acid exhibits the 
same odour, taste, and poisonous action as tho anlijidrous acid, tboiigh in 
a lower degree. It freezes more readily, and is spocilicidly heavier 
in projiortion as it contains more water. According to Schoolc and 
Ittnor, it does not redden litmus; in reality, however, it does produce 
a slight reddening. 
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Per.centageofAnhydrom Hydrocyanic Acid in occording to 

(Quart. J. of Sc. 13, 321; al»o Sc/iir. 3(i, 2H2). 
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12-5° containa 10-53 poi- cent, of auliyili-ous acid. 

J. With SalifiaUe Bases; vid. Oyanidcs and Hydrncynnales. 

c. With Metallic Chlorides. . 

d. Hydrocyanic acid mixes with wood-smvifc, aleoliol, otlioi’, volatlio 
oils, and a few other liquid organic coiupouiuls. 


Cyanides and Hydrocyaiiatos or Prussiates. 

Certain modes of fortnutlou of those compounds hiivo iili-oiuly boon given 
(pp. 379-383); the following, howovor, i-oniain to bo iioticod. 1. Voi-y 
few metals, potassium among tlio mimbor, take up eyaiiogon and form 
cyanides, when heated in cyanogen gas or hydrocyiinio acid vapnnvj ill 
tlio latter caso hydrogen is soparatoJ.—2. Cyaiiogon gas piiHsod ovoi* 
certain heated alkalis and alkaline carhouatos, drives out l.fiu eai'boiiio 
acid, and forma a mixture of cyanide and cyaiuito; it acts in tlio samo 
manner on the aqueous solutions of the fixoil alkali.s, oxceiiting that a 
brown suhstanee resembling paracyanogon is likowiso ibrnioil.—3. IVitli 
certain basic inetnllic oxides, as the oxide of Hilvor, bydi-nuyanio aoid 
immediately forms an anhydrous cyanide, with 80 ))aration of watm-; but 
with most oxides it forma hydrated oyanidcs, which may ho vi-gai-dod n« 
hydrooyanates of the oxides. To convert an aqueous alku.li (which 
should be free from carboiiio acid) complotoly into a iiuitiillio oyanido, 
hydrocyanic acid must bo added to it, till it no longor forms a procipitato 
with sulphate of magnesia. (Ittnor.)—4. The alkaline cyanatos may ho 
obtained in the hydrated state by treating cyanide of silver with llio 
aqueous solution of the protosulphldo of (an alkali-inotal. (Niiiiino; I'k & 
E. Rodgers.) 

Cyanogen appears to have very little tendency to imito with tlio 
earth-metals. 

Some cyanides are crystal!izablo. Some are coloiu-loss, otliors exhibit 
various colours. The cyanides of tUe alkali-motals in tlio stiito of aqiiooiis 
solution, exhibit a strong alkaline reaction, and liavo a bitter and 
alkaline taste; the solution remains alkaline, oven when mixed with a 
very large excess of bydrooyanic acid. 

Hydrooyanate of ammonia or cyanide of ammonium volatilizes iimlo- 
coraposed when heated. The compounds of cyanogen with tlio alkali- 
metals sustain a red heat without decomposition, provided air and mois¬ 
ture he excluded. The cyanides of many of the heavy metals, e.y., load, 
iron, cobalt, nickel, copper, &o., under these circumstances, give off all 
their nitropn in the form of gas, and are converted into a compound or 
mixture of 1 At. metal and 2 At. carbon; C=NM=:C’“M-hN.—.C yaiiido 
of mercury is resolved into metallic mercury and cyanogen gas; and 
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cjfHiidc of silver gives off half its cyanogen in tho gaseous form, the other 
half, porhajis converted into paracyanogon, romaining conibiiied with tlio 
silver. All cyanides, when Imatocl in presence of water, aro destroyed, 
those of tho heavy metals generally giving olf carbonio oxide, oarhonio 
acid, hydrocyanic acid, and lunnumia, and leaving the metal, together 
with a small quantity of cliarcoal. Tho cyanido.s of tho alkali-metals aro 
convovtod hy coutiimod boiling with water into ammoniacal gas and 
alkaline formiato.s. Tho cyanides of somo of tho alkali-inotais, e.g., 
oyanido of potassium, when heated in contact with tho air, first take up 
2 At. oxygon, and aro cemvorted into oyanates (C-NKO"), and those, 
when further hoatod, give off nitrogen and half tho carbonio acid formod, 
and aro converted into iilkidino carbonates. Tho cyanides of the heavy 
metal.s tako firo readily whon heated, yielding nitrogen, carbonic acid, 
and metal or oxide. Cyanides detonato by jiercnssion with chlorato of 
potash. (.lolm.stcm, Bchiu. .OT, 37!).) 

ChUu'iuo gas decomposes many cyanides, convorting them into chlo¬ 
rides, and liberating cyanogen, chloride of cyanogen, either fixed or vola- 
tilo, and a yellow oil, tho products varying according to tlio pu'oscnco or 
ah.scnco of light and water, tho iiaturo of tho cyanide, and tho proportion 
of chloriiio jirosont: o. g., 

IlgCy + 2C1 =■ HgCl + CyCl. 

Chlorino gradually inlroiluccd converts cynnido of lead or cyanide of 
silver into melallic ehlorido and free cyanogen, which does not tako up 
any c.hloviiio till uU tho cyauido is decomposed, (l.iohig, Pogy- 15, 571.) 
Aquwins chloride of lime acts u)Hm cyauido of silver with violent offor- 
voscoiKio, evolving carbonic acid and nitrogen, togothcr with a small 
quantity of cyanogen; Init no cyanic acid is formod. (.Liebig.) lodino 
forms motallic iodide and cyanogon, or iodido of cyanogen. It dooom- 
posos tho cyanides of tho alkali-mctnls in tho state of aqueous solution; 
also cyanide of silver or oyanido of coj)pcr dissolved in aquoons cyanide of 
potassium, forming n. molallio iodido and lihorating cyanogon. (Qordy, 
Ctmpt. rend. 10, 25; also J. pr. Oliam. 20, 131.) VVith boiling aquoons 
oyanido of potassium, it forms iodido of potossiinu and iodido of cyanogon, 
(Liol)ig, Ann. .Pharm. 50, 335.) It docomposes dry oyanido of moroury, 
forming iodido of mercury and iodido of cyanogon. 

Strong nitric acid decomposes all motallic cyanides, with evolution of 
carbonic acid, nitrogen, liko. Kxcess of oil of vitriol docomposes motallio 
cyanides at high tomporatnros, forming a .sulphato of tho motallio oxido, 
sulphato of ammonia, and carbonic oxido. (Fownes.) 

C=NM + <1(110,SO'O M(),2SO» + NU“,I10''2,S0» + 2CO. 

Most cyanides, whon treated with dilute acids, give off their cyanogon 
in tho form of hydrocyanic acid: 

ICCy + IICI = KCl + nCy; 

and, 

KCy + IIO,SO» = KO,SO» + HCl. 

TIio cyanides of tho alkali-inotais, which, in tho state of aqueous 
solution, mn.y a.lH 0 ho regarded as hydrooyanatos, aro decomposed by tho 
weakest aoi(ls, oven by carbonic acid (Schoclo); honco their solution, if 
it does not contain oxcoss of alkali, gives off hydrocyanic acid on oxpo- 
Biiro to tho air, that acid Loing gradually expelled hy tlio carbonio 
acid of tho air. On tho olhor hand, it is only tho alkaline liydrosul- 
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pliates and soap-solutions tliat are decomposed by hyarooyan'io add. 

^ Tho compounds of cyanogen with the heavy luotals are of a more 
intimate nature. Some, as tho cyanides of zino and load, give oil liytlro- 
cyanic acid when treated with dilute solutions of tho stronger iimioml 
acids, such as sulphuric add] others, ivs tho cyanidoa of mercury ami 
silver, are not decomposed even by tho strongest oxygon-acnlB, ni the 
state of aqueous solution; but hydrogen-acids, sucli as hydrodilorio and 
hydrosulpburic acid, decompose them; others again, as protooyauiilo of 
gold and protocyanide of iron, withstand tho action of dilute sulphurio, 
hydrochloric, or nitric acid, even at a boiling boat. 

Prom the solutions of the alkaline oyaniclos, many heavy iiiotallio 
oxides separate part of the alkali-metal, in the form of oxide, wlnoli 
remains dissolved, forming at the same time a heavy motallio oyauido, or 
a compound of that cyanide with the cyanide of tho alkiili-motiil; 

KCy + HgO = 1-IgCy + KO ; 

and, 

2KCy + HgO = KCy.HgCy -1- KO. 

All the cyanides of the alkali-metals are easily soluhlo in water; but 
among the cyanides of the heavy metals, there are bnt few ivliioh lire 
soluble, e.g., cyanide of meroury. 

The cyanides of some metals form crystallizablo compounds with tlio 
oxides of the same metal; with various metallic iodides, br'Oinidos, and 
chlorides; also with nitrates and chromates. 

Cyanides have a strong tendency to unite with one another, and form 
definite compounds, called Gyanogm-salts, or DoiMe Cynnicles, (aiialo» 
gous to the iodine-, bromine-, and chlorine-salts,) which, in tho hydrated 
state, may be regarded as Double Hydrocyanates. Thus orystnllizod 
cyanopktiuate of potassium, KCy,PtCy’-t-8Aq=KO,HCy-)-PtO’,2l-IGy. 

P^j'tioularly numerous are the compounds of the alkalitio oyanidos 
(mcludiug cyanide of ammonium, NH^Cy) with tho cyanitlos of the heavy 
metals; they are formed and prepared as follows ; 

]. By saturating tho aqueous solution of tho cynniclo of an alkaU- 
metal with a heavy metallic cyanide, or if tho latter bo soluble in water, 

ingittothe alkaline cyanide in stoicliionietrical proportion.— 2, By 
-j solution of the alkaline oy,anido with a heavy 

It P**'*' uf the alkali-metal is separated in tho 

mISl remains mixed with the solution, and tho heavy 

metal passes over to the cyanogen-compound : ^ 

3KCy + FeO = 2KCy,FeCy + KO. 

3. By digesting a heavy metallic cyanide with an aqueous alkali In 
3FeCy + 2K0 = 2KCy,FeCy + FeO. 

ot Th. .1, i„ oontool 

adding aqueous hydroovaSo JcirL « n ^ potassium into potash.—5. By 
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tliat may bo present, and tbo heavy metallic oxide is dissolved.—G. By 
saturating with caustic potash or carbonate of potash, the acid com¬ 
pound which hydrocyanic acid forms with certain heavy nietallio 
cyanides. 

The proportions in which the heavy nietallio cyanides may tliiis he 
made to unite with the cyanide of an alkali-metal, e. (j., with cyanide of 
potassium, are the following : 

a. 3 At. Cyanide of potassium to 1 At. Dicyanido of a heavy metal : 
OKCyCu'^Cy. 

1. 1 At. Cyanide of potassium to 1 At. Dicyanido of a heavy metal: 
KCy.CirCy. 

c. 2 At. Cyanide of potassium to 1 At. Protocyanido of a heavy metal: 

2KCy,FcCyj—2KCy,IrCy. 

d. 1 At, Cyauido of potassium to 1 At. Protocyanido of a heavy metal; 
KCy,ZnCyj—KCyCdCyj—KCy,NiCyj—KCyAgCyj—KCyAuCy; 
KCy.PtCy,;-KCy,PdCy. 

h. 1 At. Cyanide of potassium to 2 At. Protocyanido of a heavy raolal: 
KCy,2i’oCy. 

/. 1 At. Cyauido of potassium to 1 At. Dicyanido of a heavy motal: 
KCy,PtCyh 

g. 3 At. Cyanide of potassium to 1 At. Sosqnioyanido of a heavy motal: 
3KCy,Cr'-‘Cy=;—3KCy,Mn“Cy»;—:!KCy,Fo“Cy^—3KCy,Co“Cy“. 

h, 1 At. Cyanide of polassium to 1 At. 'I'orcyanido of a heavy motal: 
KCy + AuCyh 

Almost all thoao compounds of an alkalino cyanide with a hoavy 
motal, aro crystallizahlo and eolublo in water. Towards vogotahfo 
colours they aro noutral or slightly alkalino, whoroas tho pure oyanidos 
of tho alkali-motals havo a strong alkalino reaction; tho double cyanides 
likowiso omit littlo or no odour of hydrocyanic acid. Thoy aro also 
much loss easily doooinposihlo than tho pure oyanidos of tho alkali- 
inotals. 

Doth tho motalHo cyanides contained in those compounds bohavo, when 
ignited in a close vossol, just in tho same niannor as when they aro 
ignited sojiaratoly. Thus, in forrocyanido of jiotassium, 2KCy,FoCy, tho 
cyanide of potassium roniains uiidoconiposod, whilo tho cyanide of iron 
is rosolvod into nitrogen and oarbido of iron. 

With dilute solutions of tho stronger oxygon-acids, thoy exhibit tho 
following roaotions. A fow of them, ns cyauido of zinc and potassium, 
KCy,ZnCy, aro complotoly docomposed oven by cold dilute suliduirio 
acid, yielding hydrocyanic acid and two sulphatos. Others give oil’ tho 
hydrocyanic aoid derived from tho cyauido of potassium, forming an 
alkalino sulphate, whilst tho heavy motallio cyauido oithor roniains un¬ 
altered in tbo solution, as is tho caso with cyanide of morcury, or is pre¬ 
cipitated alone, which is tbo caso with cyanide of silver. A compara¬ 
tively small rpiantity of hydrochloric acid may destroy tho cyauido of 
tho nlkali-mctal, and soparato tho heavy cyanide at first in tho undo- 
compoBod state; but a larger quantity complotoly decomposes it, espe¬ 
cially if aided by boat, into hydrocyanic acid and a clilorido of tho 
motal. Other double cyanides, e. ,9., forrocyanido of potassium, 2KCy, 
FeCy, form indeed a potash-salt with cold sulphuric or hydrochloric acid; 
but tho hydrocyanic acid, as it is sot free, unitoa with tho cyauido of tho 
hoavy motal, producing a peculiar soluble compound which reddens 
litmus, e. g., 2IiCy,FoCy, and does not give off tho hydrooyanio acid 
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till It is heated. Finally, aomo of tlioso compounds ^yitl^Htarlil tho action 
of dilute sulpliuric or liydroclilorio acid, evou at a boiliiip^ lioat. 

Sulphuretted hydrogen procipitatos tho heavy motal, lii tho fiirin ol 
sulphido, from tho dissolved compounds of tlio alkaline with tho heavy 
cyanides, sometimes easily, as with cadmium, moroury, and Hiivor, houio- 
times not at all, or hut slowly and partially, a.^ with zino, iron, cobiiH, 
nickel, and copper. 

When the solution of such a compound of a cyanide of an alkali- 
metal with the cyanide of a heavy motal, is mixed with tho salts of 
other heavy metals, pi’ecipitatos ai'O formed, oxhibitin^ stroiif' and variod 
colours, and generally coiisisting of compounds of tho lioavy cyauulo 
already present with aiiothov heavy oyauido, formod hy doublo docom- 
position between tlio cyanide of tho alkali-motal and tho saltof ttio 
heavy metal which lias been added. Thus, forrooyanido of iiotaBsiuin 
forms with sulphate of copper a rod prooipitato of (ovrooyauido of 
' copper; 

2KCy.F«Cy + 2(CuO,SO«) = 2CuCy,FoC;y I- 2(KO,SO''), 

But these precipitates often retain part of tho original oyauogon salt in a 
state of intimate oombiuation, so tliat in many eases it oaniiot ho oom- 
pletoly extracted even by boiling water. 

The cyanides and doublo cyanides, whicb havo just boon disoussoil \u 
a general manner, must, as first proposed by Graham [Lehrb.), ho divided 
into classes, according to their peculiar properties. 

1. Tho true cijnnides, whioli inoliiclo tho groiitor numbor, oxliibit tlio 
poisonous action of hydrocyanic acid. They aro tloomujioHod by tho 
stronger acids, at least by hydrochloric acid, oven at ordiiinrv toimio- 
raturos, The compounds of heavy molallio cyanides of tills class witli 
the cyiiuides of the alkali-metals, gcnornlly exhibit a sliglit alkaline 
reaction. Dilute acids separate hydrooya.uic acid, oven in the 0(dd, from 
the eyanidc of the alkali-iuotal contained in thorn, procipitalu tho lioavy 
cya,nido If it be insoluble, and then, in most oases, oxort a docomposiug 
action upon it. 

2. Other cyanides, among which wo must not only vookoii, as Graham 
does, the iron-compounds, but likewiso those of ebromiuni, cobalt, and 
perhaps also manganese, do not exhibit the poisonous notion of hydro¬ 
cyanic acid, either alone or in combination with oyauido of jiotnasinm. 
Their compounds with cyanide of potassium aro porfootly uoulral. Tho 
strongest acids, at ordinary temperatures, do not lihorato hydrooyniiio 
from these compounds, but convert them into a potash-salt and a kind of 
nietallo-hydrocyanio acid, which reddens litmus strongly, is not poison¬ 
ous, and is resolved by beat into hydrocyanic acid and a luotallio oyanido. 
Thus ferrooyanidc ol potassium with hydrochloric acid yields ohlorido of 
potassium and hydroferrocyanic acid : 

2KCy,FeCy + 2HC1 = 2HCy,FoCy + 2KC1) 

CWFeK= + 2HC1 = C«N»FcH= + 2KC1. 


All compounds of heavy metallic cyanides of this class, with oyanido 
of potassium and other cyanides, contain 3 or 2.3, or 3.3 At. oyanogon. 
Hence Graham supposes yyith some probability, that tho constituents 
o T ^ 'itom, CN’, which 
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Thoro ai'o likowiso other ciisos in which wo arc coiiipolloJ to suppose 
that the 6 At. carbon ami 3 At. nitroyou inilto into a single coivipound 
atom. Thus tho brown iiaracyanogen, wliioh remains after the ignition 
of cyanide of mercury, is sapjiosod to bo C“N^, and according to that suppo¬ 
sition would bo idontical with P)’tmian. Cyanurio acid, CiS'^tPO", wliioli 
is polymeric with cyanic acid, G'-^NHO^ ami solid chloride of oyauogon, 
CN^Cl”, which is polymoric with gasoons chlorido of cyanogen, C“NC1, 
aro formed from cyanogen and its compounds, and under cortain clroum- 
stancos aro again resolved into the lattoi’. According to this view, cor- 
taiii metals, such as iron, appear to possess tho power of transforming 
3 At. of cyanogen, C'^N, into 1 At. of paracyaiiogon or prn.ssian. 

llogarcling those couiponnd.s from tho point of view of tho luiclons- 
thoory, wo mn.st an|)po.so that the ])rimary nuclona, C’lP, yields tho 
socoudary nuoloi, CN^IP, C“N=>CP. C“NW, CN^FotP, CAVni’olP, &c. 
Tho first, which ia not known in tho sep.arate state, forma with (JO, 
cyanurio acid, CPN^IPO”. It is compo.sod of 3 sqnaro tables of hydro- 
cyanic acid, jilacod one n|)on tho other in tho form of a square ])risui, 
probably in such a maiinor that tho two carbon-atoin.s of tho midtllo table 
como in contact above and below with H-and N-atoms. In C“N“FoI'P, 
tho H-atom of tho middlo table is roplacod by an Fo-atom, and in 
C“N“.Fo'’, all tho 3 Il-atom.s aro roplacod by 3 T?o-atoms. In C'’N®Fo“, 
howOA'or, tho nnolon.s o.'chibit.s a vacant .space, nnlo.s.s wo Hupjnwo, as 
Laurent does, that thi.s comi)ound contains 3 At. iron, each of which 
weighs as much as an ordinary iron-atom. 

IT Adopting Ciorhardt’s oijuivalcnts (p. 27,) and admitting that tho 
two cla.sscs of iron-compouncis, t'.fl., tho ferrous anil ferric salts, contain 
difibront inotals, vi!!.,,/h(v'o,s'i(«i, = Fo = 28, ami ferricim = /= of 28,— 
itml similarly with platinum (VI., 313), plaiinosum = Vt = dO, plnti- 
nicum =z pt =5 49'5,—tho formula) of tho forrooyanidos, forridoyanidos, 
cobaltocyauidcs, &c., may all bo reduced to tho general expression O’N’M*, 
in which M denotes the sum of tho oquivalonts of two or throo difforont 
motalsj thus: 

Forrocyanidos = C^N’FoUMl. 

Ferrooyanido of Potassium = C^N’PolK* -f 2110. 

Forrooyanido of Potassium and IJarium = C*]S^Fo3Kl‘'BaS-l-2HO. 

Prussian blue = C*N*Pol. fi-(-2H0. 

Forridoyanidos = C’N'*,/' M. 

Cobaltooyanidoa = C^N^CoM. 

Platinooyanidos = C’N'TtM. 

Platino-platinidoyaniih's = C^N’Pt’ptl Ml. 

(Laurent, Compt. rend. 20, 294; Pharni. Canlr. 1848, 23; J. pr. Chem, 
42, 128; Juhresher. 1847-8, 484.) If. 

If tho auiimnliiry miolcaa l)ii ilciioteil hy a pavliiivOm- name— Pram, for 

example—then, aeeiiriliiiB to the iiomciirliituro given on pages I-IO —C’N^I'V = 
Prmmnirti C“N'',U-],''o ■= J’runscniarl; (J^N'Tv-Eu = iOv/wryie/rwmi't, &c.—will 
ho Pi'imilmcrt, heeatuso ii = 0, ami Lhenifnrc expreaaea in this case that 1 At. of tlio 
ih'lleirnt hyilrngen is not i-eplaoeil by inni. Aeeoi'iling to this mode of designation 
(,C"N''K'’,C“N''i''o^) = Pnmit.merf-Prtmpjnl. 

If According to Schrbttor (IRtm. Acad. Per. 124.0, Mar. 310; 
Jahrnhn'. 1840, 211) tho dotihlo cyanides may all bo roducod to tho tyitos 
iiMOy and M“Cy“, wboro M denotes an oqnivalont of :notal, and n tho 
nunibors 1, 2, 3, and 11; nM, or 5M may bo ro])rosontod by sovoral 
metals, itnd in tlio cyanides 2MCy and 3MCy, part of tho cyanogen may 
ho roplacod by 0, I, hr or Cl. Thus tho form iiMCy itteludoa the coni- 
vmnnila Kflir iiiiil M“Pt.:iflvn fthc fin, ts In telV discovoi’od 
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by Qundrat.) The type M'Cy“, includes ferridcyaiiido of potassium, 
K^Fe’Cy®, and the corresponding salts. IT 

Cyanide op Ajimonium or Hydiiocyanate ot Ammonia,— NhPCy 
= NH®,HCy = C“N (KH'*.) For some of tlic modes of formiition, vitl. li]'- 3^1“ 
383—1 vol, amnioniacal gas unites with 1 vol. hydrocyanic vapour, form¬ 
ing 2 vol. vapour of cyanide of ammonium. 

Preparation of the dry salt. 1. By hoatiug the following suhstanocs, 
which must he as dry as possible, in a distillatory apjiaratns, tho rocoiyor 
of which is surrounded with ice and salt: cither tho compound of cyauido 
of iron with cyanide of ammonium, or a mixture of cyanide of potassium 
and sal-ammoniac (Berzelius), for wliich tho heat of tho wator-bath is 
more than sufficient (Berzelius, Lehrb.)-, or an intimato mixturo of 3 pts. 
ferrocyanide of potassium and 2 pts. sal-ammoniac (Bincan): 

2KCy,FsCy + aNH'Cl = 2NiUCy + 2ICC1 + FoCyi 

or an intimate mixture of 123 pts. (1 At.) cyanide of niorcury and 54 pts. 
(1 At.) sal-ammoniac (Bineau, Ann. Chim. Phys. 07, 23l): 

llgCy + NH'iCl = NH'Cy + HgCl. 

This mixture fuses at a gentlo heat, giving off vapours of liydrocyiinato 
of ammonia, and leaving corrosive sublimate. (Binoau.) 

2. By passing dry amnioniacal gas through dry olmrconl hontod to 
redness in a porcelain tube, and thence into a U-tuho surrounded witli a 
freezing mixture, in which the compound condenses in small prisms. 
(Langloia, Ann. Chim. Phys. 67, 111.) 

Crystallizes in colourless cubes or in fern-like tufts (Gay-Luasao)j 
in anhydrous square prisms. (Berzelius.) Boiling point about -f- 80'’. 
Tension of vapour at-f-22'’ = 0-45 met. (Gay-Lus.sac.) Has an alknlino 
reaction. Smells and tastes of ammonia and hydrocyanic acid togothoi 
(Ittner)j highly poisonous. (Laiiglois.) 


NH-'Cy. 


AmmoniacaT gas. 

Hydrocyanic acid vapour , 


Cyanide of Ammouium vapour.. 


The vapour easily takes fire and burns witli a yellowish flamo (Binonu), 
depositing carhonale_ of ammonia, (ittner.) Tho crystals ronmin undo- 
composed, for some time, if kept in a closed vessel surrounded with ioo! 
but at ordinary tewperatnres they decompose, the decomposition being 
more rapid as the temperature is higher (Langlois); on tho direct appl^ 
U ?! ’ ’i ♦“'V® quickly. (Gay-Lussac.) In hydrogen 

f^nenii ^ ** slower than m air from which it can absorb oxygon, 

verted^nL ® decomposing retain their form, but aro con- 

vertod into a black-brown substance, azulmic acid. (Berzelius ) Cliloriiio 

formatiorof volatile 

^ The ^ manner. (Langlois.) 

ihe salt dissolves in water and in alcohol. The aqueous solution 
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may also bo obtained by mixing aqueous hydrocyanic acid with aqueous 
ammonia, or by distilling 2 pts. of forrocyanido of potassium with 3 pts. 
sal-ammoniac and 10 pts. water (Ittnor), or by distilling an aqueous 
solution of 127 pts. (1 At.) cyanide of mercury and 54 pts. (1 At.) sal- 
auunoniao. (Uuflos, SeJm. G5, IOC.) 

Cyanidk op PoTAsaIu^t.— KCy=C“NK.—Various modes of formation 
have already boon given (pp. 37.0-383). Cold potassium absorbs but a 
small quantity of cyanogen gas, because it becomes covoved with a crust; 
but the metal, when heated, absorbs ns many volumes of the giis as it would 
evolve of hydrogou from water, and is converted into yellowish cyanide 
of potassium; when heated in hydrocyanic acid vapour, it takes the 
cyanogen from a volume of the vapour twice as great, liberating 1 vol. 
hydrogen, and i.s itself couvortod into grey spongy cyanide of ))otassium 
which fuses to a yellow mass when hoatod. (Gny-Lussao.) Hydrocyanic 
acid evolves sulphuretted hydrogou from aqueous monosulphido of 
potassium. 

Preparaiinn. 1. By mixing strong hydroeynnic acid with a strong 
aqueous or alcoholic solution of ])otnsh. Wittstoiu {lieptrt, G.5, 3(14) 
mixes strong aqueous hydrocyanic acid in equivalent proportion with 
strong aqueous potash free from carbouio acid, tbo strength of both 
liquids having boon previously dotormiuc<l.—Brando ami Wiggors (Ann. 
Pharm, 2.0, 05) distil 2 ))ts. of forrocyanido of potassium with pts. oil 
of vitriol and 4 pts. of water till tlio mass begins to jump, and jiass the 
vaiiour into a cooled receiver containing the (iltorcd solution ot 1 pt. of 
hydrate of ]U)lash ("not fused, but evaporated till it solidifies on cooling) 
in 3 or 4 pts. of alcohol of 90 per cent, or stronger. The cyanide of 
potassium, as it forms, falls to the bottom from' tho beginning of the 
action, and the contents of tho rocoiver ultimately form a solid magma. 
The solid product is drained as completely as possible on a filter, tho 
crystals washed several times with strong alcohol, then well pressed 
botwoou bibulous j^iapor, and dried as quickly as possible, e.y., on a hoatod 
iron plate. In this manner, 8 parts of forrocyanido of potassium yield 3 
jiarts of cyanide in tho form of a white orystallino powder. For tho 
success of this process, it is important that tho hydrocyanic acid bo as 
strong as possible, so that a weak acitl must first bo dehydrated by 
chloride of calcium; that tho strength of tho alcohol bo at least 92 per 
cent.; and that tho solution of the potash in that liquid bo fresh, inas¬ 
much as it turns brown after a while. When tbo hydrocyanic acid is in 
excess, tbo cyanide of potassium appears to remain dissolved in tho 
liquid for a longer time; hence tho potash-solution must bo in slight 
excess. (Horborgor, 71,122.) 

2. An aqueous solution of cyanide of mercury is precipitated by 
aqueous solution of monosulphide of potassium in equivalent proportion, 
and tho suljihido of moroury separated by filtration. (F. & E. llodgors, 
P/dl. Mag. J. 4, 93.) 

3, Forrocyanido of potassium perfectly deprived of its water, is gently 
ignited, out of contact of air, in vessels of oast or wrought iron, till no 
more nitrogen goes off, and tho oyanido of potassium is separated from tho 
admixed carbide of iron by solution in water or alcohol: 

2C®NK,C2NFo = 2C=NK S FeC’ H- N. 
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nitrogen gas and carbido of iiotassinin, so tliat tlio rcsidunl mass ovolvoa 
livdvoaen in contact with water. (Ilerzolius, I/chvb.) , n* i 

CImIc (,/. Ohivi. mcd. 7, iVl‘l) coansoly broiik.s ni> tlio crystnllmod 
ferrocyanidc of potassium; partially doliydratcs it by beat, and tlion 
pulverizes it more finely; afterwards heats it in an ojion vwsol till “ 
lost all its water and is converted into a white jiotvdor; intrommoa Ui(0 
powder into a wronglit-iron bottle connected with a bent iron tiibo 
passing under water [a cast-iron bottle with a stvaigtht tube coniiootod by 
moans of a cork with a glass gas-dolivery tube may likowmo bo usoclj; 
ignites the mass strongly as long asnitvogon continues to bo evolved Ironi 
it (or till a sample taken out with a curved wire njipoavH ijnro whUo, ttna 
when dissolved in water, forms with hydrochloratc of lovric oxido, wliioU 
must be quite free from ferrous oxido, a brown jjreeipitato winch ui8- 
solves in hydroclilorio acid without leaving a residue of ])nmHmn bluo)| 
dissolves the residue in water; filters to sojiarato tlio carbide of iron; 
evaporates; cools the solution to the crystallizing point; and procooda m 
the same manner witli the rest of the lifjnid as ns cryHtaiK can no 

obtained from it. Tlio crystals are dried at a moihirato lioat, and pre¬ 
served in well-closed bottles. If the docompositioii is not coinjiloto, tho 
ferrocyanide of potassium cryatallizoa out first. 

Chcvallier (J. Chim. mtkl. 0, 75S) exlmusts tho ignited mnss with 
absolute [?] alcohol, and separates tho alcohol from tho filtrato by dis¬ 
tillation. 

Robiquet (J. Pharm. 17, 043) kocp.s tho resulting inixtnro of cyanulo 
of potassium and carbide of iron in a state of fusion for some time [ill (i 
well-covered crucible it is to be supposed]; so that tho carbide ol iron may 
settle down, and the white mass at tho top may ho mocluinically HCi>aralod 
after cooling. It is not so good a plan to dissolve tho mixture in a small 
quantity of water, evaporate tho filtrato immodiatoly to dryness, and heat 
tho residue till it fuses, because ammonia and form in to of iiotash may bo 
thereby formed. The decomposition does not, liow’ovor, talco ]>luco so 
quickly as Tilloy supposes, especially if, ns llorzoliiiH rucommoiuls, tho 
filtrate be evaporated in vaouo over oil of vitriol. If tho forrucyaniilo of 
potassium contains sulphate of potash, it must bo provioiisly frood from 
that impurity by recrystallizatioii. (Schindler, Mu(/. 00, (i7.) 

On tho surface of tho mass thus decomposed by ig^niliou and slowly 
cooled, are found splendid pure crystals which may bo loosonod with tho 
spatula. The rest of tho mass is finely pounded, and quickly oxhaustod 
with cold water, because if tho liquid were lieak'cl, tho iron which has 
been separated would re-dissolvo in tho cyanide of potassium (with 
evolution of hydrogen and formation of potash], and roproduco forro- 
cyanido of potassium; after which the filtrate is ovaqioratod in a rotoi't, 
and cooled till it crystallizes. Tho molher-liipiid, besides cyanide of 
potassium left in solution, contains formiate of potash, caustic potash, and 
a small quantity of carbonate of potash (if it bo ovaj)oratod in an open 
vessel, less formiate and more carbonate are qiroduccd). (Qoigor, Ann, 
Pharm. 1, 44.) 

_ The ignited mass is pulverized, placed upon a glass funnel, oxliauatod 
with cold water, and the stronger ley which Is first obtained, evaporated 
OTickly to dryness; or it is well boiled with CO per cent, alcohol, which 
^posits the greater part of the cyanide of potassium on cooling. (Liebig, 
1, 147.) The cyanide of potassium obtained by tliis process 
IS not free from ferrocyanide, unless it be raeclianically separated from 
carbide of iron before treating it with alcohol and wmtor; for when tho 
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mass Is (ligostod in water, tlio iron rooombinos with tho cyanido of potas¬ 
sium. (Wittstoin.) 

4. For many purposes Wolilor's mothod (p. 395) is woll adapted; tho 
resulting preparation contains c.arbouato of potash, cliarooal, and iron. 

5. A mixture of 2 At. (184 pts.) of dry ferrooyanido of potassium 
with 2 At. (GO pts.) carbonate of potash is fused at a gontlo heat in a 
covered porcelain cruoiblo, and the product, which contains 5 At. cyanido 
of potassium and 1 At. oyanato of potash, is poured off from tho sepa¬ 
rated iron, or oxhauatod after cooling with water or alcohol (P. & E. 
llodgers, Phil. Mag. J. 1834, 4, 93): 

2(2[CCy,Fi!Cy) + 2(IC0,C'0-) = SKCy + ICO.CyO -I- 200’ + 2Fo. 

Strictly speaking, howovor, tho (pinntity of cyanato of ])otash formed is 
somewhat greater; for tho forrona carbonate formed at tho beginning of 
tho action is rosolvod in tho same manner as when boated alone, into 
carbonic acid, carbonic oxido, and forro.so-forric oxido, which, when subso- 
quontly rodneod to tho metallic state, forms an additional quantity of 
cyanato of potash, larger in jiroportion to tho excess of oxygon in this 
oxide over that in the protoxide. (Liobig.) 

Liebig (Ann. Pharm. 41, 28.5) mixes intimately 8 ])ts. of forrncyiiulilo 
of potassium, dehydrated by heating it on an iron plato till it is slightly 
roasted, with 3 pts. of pure, <lry carbonate of potasli; throws tho muss 
into a cruoiblo at a low rod beat; ignitos it very gently, till samples of 
tho fused mixtnro, taken out from tlmo to time with a glass rod, no longer 
solidify to a brown or yellow, but to a wliito mass; tlion tu.kos tho 
crucible out of tho fire; stirs tho mixture several times with the glass 
rod; and, after leaving it for somo time to onahlo tlic heavier portion to 
subside, pours tho transparont and colourless liquid from tho grey spongy 
mass into a hot porcelain dish. Tho residue in tho crucible may still bo 
rendered availaldo by exhausting it with cold water, and heating tho 
solution with sulphide of iron; ferrooyanido of potassium is then repro¬ 
duced, and after it has crystallized out, sulphide of potassium remains in 
tho Tnothcr-lifpiid. 

Tho carbonate of potash used in this preparation must bo quite froo 
from sulphate, which would bo roducod by tlio c 3 ''anido of potassium to 
tho state of siilphido of potassium. An iron crucible is profcrablo to tho 
earthen one, booauso tho latter is ponotratod by tho mass, and impairs 
silicate of potash to it. A. dull rod heat must bo uniformly maintainod 
during tho whole proco.ss, Tlio cyanido of potassium thus obtained, forms 
a white mass froo from granulos of iron. Its a([noonH solntion should bo 
trans])aront and colourless. (Haidlcn & Frosonius, A nn. Pkann. 43, 130.) 
Tho ignition must not bo continued till tho ovolution of gas coaso,s, 
otherwise tho cyanido of potassium obtained will bo groy; but tho 
cruoiblo must bo romovod from tho fire, as soon as an extracted sauqdo 
appears white after cooling; moreover, tho deposition of tho iron should 
bo favoured by a few slight blows upon tho cruoiblo; tho cyanido of 
potassium poured, through a fine siovo previously boutod, into a vessel of 
silver, iron, or porcelain, having smooth sides; and tho iqipor mass, which 
is pure, separated, after slow cooling, from tho lower portion by moans of 
a sharp instrumont. (Clomm, Ann. Plucrm. Cl. 2.50.) 

If tho two salts are not quite dry, or not mixed in exactly oquiyalont 
jiroportions, a largo quantity of ammonia is evolved during tho fusion. 
(Ghissford & Napior, Phil. Mag. J. 25, 58.) 

If tho mass [containing iron] bo o.xbaustcd with water, or ovou with 
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alcohol, the solution will contain more or loss forrooyanido of potasslniH. 

mixture of 13 pti carbonate of potash ami 10 pts. 
blue is i‘''nited in a covered cruciblo, and tho mass, alter cool g, 
SLstel°wiL water or alcohol. Or cyanide 
upon carbonate of potash heated nearly to rodiioss. (1'. & It. 

7 Cyanide of potassium is eblaiuod in an impure state ami on mo 
largo scale by igniting in cast-iron vessels a mi-xturo of o-Ybonato oi 
potash with an equal or a double quantity of iizotiKod orgauio niattoi^ 
such as dried blood, flesh, horn, or skins, or with tho azotisod 
which remains after subjecting tho abovo-nainod substances to dry tusi i- 

latiou. The potassium horoby reduced froni the CY'bonato of potasU oy 

the action of a portion of the charcoal, combines with iinotlior part of lliO 
charcoal and with nitrogen of tho animal substance, forming oyinudo ot 
potassium. When this mass is exbnustod with water, lliore roniains a 
charcoal, distinguished by groat decolorizing power, and a colourlofiS or 
yellowish solution of cyauido of potassium is obtained, eontuuiinatod, 
ever, with carbonate, phosphate, and snlpliato of potash, BulpludO) 
chloride, ferrooyanide, and sulplioeyanido of potassium, or at all 
with seme of these bodies. By evaporating this solution till it half 
solidifies, and exhausting with alcohol, a soiuowhat purer oyaiiido of 
potassium is exhausted. . 

T 8. Cyanide of potassium is also prepared on tho largo scalo by 
passing nitrogen gas over an intensely ignited mixtui'O ot ohardd’i^ , 
potash (p. 380). A vertical shaft, tho uiicTdlo portion of which is iricloaod 
within the fluo of an adjoining furnaco, is flllod with fragintmts of olia^ 
coal saturated with potash. The charcoal thus bccomos intonsoly lioatou, 
and likewise receives a supply of nitrogen from tho furnaco through ft 
number of small openings communicating wdth tho outer duo. Tlio lUftlo- 
rials are filled in at the top of the shaft, through which thoy gradually 
descend, and ultimately fall into a pan of vvator at tho bottom, wboro tho 
cyanide of potassium is dissolved. This process is condtiolod on an 
extensive scale at Newcastle. (Vid. Bramwoll, lieperlory qf Inventimt, 
9, 280j also Graham's Elements of Chemistry, 2nJ Ud. I, 387, 088, whoro 
a figure of the arrangement is given.) IT 

Impurities. 1. Carbonate of Potash. Remains boliind when tho 
cyanide is dissolved in hot alcohol of 36° Bm., oxliiblting its alkaline 
reaction, efl'ervesoence with acids, &c. On agitating tho impuro oyaiiiclo 
^th cold Yoohol of 78 per cent., the carbonate of powi.sh doUquosoos, ftttd 
mras a fluid layer at the bottom. (Goigor.)—2. Sulphide of PotasaCuin, 
The salt forms a dirty precipitate with lead-salts, instead of a white ono: 
the gas which rises on the addition of an excess of dilute siiliflinrio ftoitl 
impMts a brown colour to paper moistened with acotato of load, •— 
9. bulphale of Potash. Precipitate with baryta-salts, after suiiorsatn- 
mtion with hydrochloric acid.—4. Chloride of Potassium. Tlio 8ftlt 
Salted with twice Its weight of nitre and 10 times its weight of enrbouftto 
wfiw should both be free from chlorine), tbon dissolved in 

S nitric acid, precipitates nitrato of silver.— 

ivdrochlnnV’^n..-silver, after suporsaturation with 
*• td dryness, and re-solution in water.— 

fefcric^t ('wbicb'^sV,**^?rV mixed with a small quantity 

wtSSllS “ m ferrous salt), and tlion 

solotioh sires a t>reriin!trl» ® blue; with sulphate of copper, tho 

BOHiwun gives a precipitate which, on the addition of dilute hydrwhlorio 
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acid, does not turn'white but reddish.—7. Sulpliocyanide of Potassium. 
The solution, supersaturated witli hydrochlorio aoid, turns forrio salts 
yollovvish red.—8. Gyanate of Potash,. The hot solution of cyanido of 
Iiotassium prepared by Rodgers’s process, yields laminno of cyanato 
on cooling. If that portion of tho cyanido of potassium whicli is 
soluble in alcohol of 30“ Bin., gives off carbonic aoid on tlio addition 
of acids, and precipitates carbonato of baryta from baryta-salts, the jn'o- 
sonoo of cyanato of potash may bo inforrod; it is possible, however, that 
a small quantity of carbonate of pota.sh may bo dissolved by tho spirit. 

■—10. Formiate of Potash, — a. The cyanlile of potassium blackens on 
ignition.— h. On passing carbonic acid gas through tho aqueous solution 
till all the hydrocyanic acid is oxpollod, exhausting the ova.poratod mass 
■with alcohol, evaporating to dryness, and distilling tho dry residue with 
dlluto sulphuric acid, tlie formic acid distils over, and may bo recognized 
by its power of reducing mercury and silver-salts (p. 27.5). 

Lastly, tho value of cyanido of p()tns.sium may bo tested by Glass- 
ford (fc Najiier’s method, viz., by determining the quantity of pure 
cyanido contained in it. For tliis purpose, it is necessary to ascertain 
tho exact quantity of tlio solution of cyanido of potassium under exami¬ 
nation, required to rodissolvo tho precipitate of cyanido of silvor which 
is formed on first adding that solution to a given quantity of nitrate of 
silvor solution of known strength. Since 1 At. cyanido of potassium is 
required to precipitate 1 At. silvor, and 1 At. cyanido of ])otiissium moi’o 
to rodissolvo tho precipitate as oyanido of silvor and potassium, it follows 
that 1 At. silvor iirocqiitatod and redissolvcd indicates tho prosonoo of 
2 At. cyanide of potassium. If, thoroforo, tho silver-solution usoil con¬ 
tains 108 pts. of silvor, tho quantity of cyanido of )) 0 tas 8 ium thoroby 
indicated is 2 . Gr)'2 = 130'4. Liebig’s mothod (p. 307) may also bo used 
for testing tho value of oouunoroiiu oyanido of potassium.— Vicl. also 
Foi'dos & Gfilis {Compt. rend. 3r>, 224). 

Properties. Crystallizes in tmnsparont and colourless cubos after 
fusion, and in anhydrous octohodrons and cubo-octohodrons from its 
amioous solution. At a dull rod heat, it fuses into a transparent and 
colourless liquid, tho crystals obtained in tho moist way docro])itating 
slightly when thus treated. (Goigor.) At a white boat, it appears to 
volatilize undooomposed. Inodorous (in tho moist state, however, it 
smells of hydrocyanic aoid, from tho action of carbonio acid in tho air). 
Tastes strongly alkaline and bitter, like hydrocyanio aoid. Has a strong 
alkaline roaotion. Highly poisonous. 

Calculation. 

2 C . 12-0 1R’.|1 

N . M-0 21-17 

K . .')9-2 CO']2 

C^NIC . 05'2 100-00 

The aqueous solution may bo kopt unaltered in closed vessels at 
ordinary temperatures; but when boiled, it is resolved into ammoniacal 
gas ami formiate of potash (Pelonzo, Ann. Chim. Pkys. 48, 308; Goigor, 
Ann, Pliarm. 1, 54): 

C’NIC + 4110 = cnilCO' -I- Nil-''. 

Tho decomposition takes place rapidly at first, but slowly afterwards, so 
that to (locomposo all tho oyanido of potassium, it is nooos.sary to renew 
the water frequently. Cyanido of potassium heated with hydrate of 
potash likowiso yields ammoniacal gas and formiate of potash at first; 
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methylene: secondary nucleus c-nh. 


but tbo latter compound is resolved, before the boat rises to rednosa, into 
hvdroi^en and carbonato of potash, (rolonzo.)—Honco, as Gay-1 .nmio 
long ago observed (Ann. dmn.Phys. S, 440), ammonia is hkowwo ovo veil, 
when hot cyanide of potassium is dissolved in water, or cold oyaimlo ot 

potassium in Iiot water. . , , • i 

When the solution is boiled down in contact with the air, a gvoiuoi 
quantity of hydrocyanic acid is ovolvcd, and there rcmaiiiH inoro carlionato 
than fonniato of potash. (Geiger.) When moist or di.ssulvoil oyaniihi ol 
pota, 9 siura is exposed to the air at ordinary tumporatiiros, it griuluiiUy 
absorbs carbonic acid, gives off liydrocyaiiio acid, and is convortoil into 

carbonato. _ , ■ , • , 

Cyanide of potassium detonates violently whon hoatod with iiitni.to or 

chlorate of potash. _ 

Cyanido of potassium under various circiimstancos talco.s uj) ‘2 At. 
oxygon, and is thereby convorted into cyanato of pota.sli. ’.I his idliu't 
takes place, though very slowly, when tho cyanido is fiisod in ooiifui't 
with tho air; more quickly when it is fused with poroxido of miingiiiii’so, 
arsenious acid, antimoiiio oxido, aiitinioiiions acid, stiiniiio o.xido, lond- 
oxido, ferroso-ferric and forrio oxido, and cupric oxido (with visible ctiiii- 
bustion). Tho poroxido of inangaiioso is thorohy reduced to jirotoxide, 
and the othor oxides to the metallic state. (Liobig, Attn. .Pluinn. 41,'2H‘l.) 
—Cyanido of potassium fused with sulpliato of potash yields cyanatii of 
potash and sulphide of potassium (Liobig, Ann. Miam. 1)8, 01): 

KO.aoa + 2KCy = KS + 2KC:y(A 


j^If the mixture bo fused at a gentle boat only, tho deoompoHition is very 
iraperfoct.]—Cyanido of potassium may likewise exert a rednoing aetiini 
in the moist way; thus, from iU[nomi3 alloxan, after n few liourH, it 
throws down dialurato of potash, (fiiohig.) 

Cyanido of potassium fii.sod with .sulphur i.s convorted into Hiiliilm* 
cyanide (Porrott), and similarly whoa hoatod with .siiljiliido of iiiitinioiiy 
or sulphide of tin, tho fused motal separating out. (Ijiuhig.)—Snljiluu' 
does not dissolvo in aqiioons cyanido of potiis-sliim; hut .selenium dissol vns 
readily, oven at ordinary tomporatnros. (Wiggors, Auh. l^karm. 5Jf), 
319.) 

Cyanide of potassium boiled with iodino takes upi a largo quantity of 
that suhstanco, forming first a brown and aftorwards a oolourlosH liquid, 
whicli solidifies on cooling, and forms a orystallino magma of iudido of 
cyanogen. (Liobig, Ann. Vkann. .'30, 356.) I’rohahly in this mauiior : 

KCy + 21 = KI + Cyl. 


It takes up iodido of nitrogen without any ovolntion of gas; tlio ooImirltiHa 
solution Qviiporatod in vacuo, yields a crystallo-grauular, very doliquoscon (. 
mass, the solution of which smells of iodoform, and proimco.s a yollow 
prccipitato with corrosivo siiljliiimto. (Milloii, Ann. Ohim. I'hys. ()!), 7H,) 
Cyanido of potassiiini doliqnosccs in tho air and dissolvos very ahim- 
dantly in water. Tho samo solution may ho ohtaiuod liy adding hydro~ 
cyanic acid to aqueous solution of potash till the liquid no longer givcm 
a preoipitato with noutral liydrochlorato of magncHia. (Ittiior.) 

Cyanide of potassium is almost insolublo in absohito alcohol; it dis- 
solves in 80 pts. of boiling spirit of 95 per cont.; somewhat more readily 
in 78 per cent., ami abundantly in 35 per cent, spirit; from its aqueous 
solution it is precipitated by spirit of 95 per cont. (Goigor.) 

Aqueous cyanide of potassium dissolves several of tlio lioavy metals, 
forming potash and a compound of tho undocomposed cyanide of potaa- 
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siuiu with the new cyanide. Zinc, iron, niohcl, and copper, it dissolves, 
with evolution of hydrogen, oven when not in contact with the air; but 
cadmium, silver, and gold are dissolved by it only when the air has access, 
its oxygon then combining with 2 ).art of the potassium. On tin, mercury, 
and ijiatinum it oxerts no action (Elsiior, J. pr. Chan. 37, 441): 

2KCy + Zn + HO = KCy.ZnCy + H + ICO; 

2KCy + Ctl + O = KCy.CdCy + KO. 

For oilier statements respecting cyanide of potassium, vid, Richter (ilhcr die 
JV. Gcf/enst. el. C/iem. 11, 40); Bncholz (A. Gehl. 1, 400); Roust (A^. Gehl. 3, 549); 
Ittner {in hismork on Uydroojanic acid, )). 35). 

CvANinis OF Sodium, —C^NNa.—May bo obtained like cyiinido of 
potassium by iiroocsaes similar to 2, 3, 5, and C, excepting that if jn’occss 
5 bo used, the heat must be raised somewhat above low rodnoss, and in 
process C only 10 jiarts of dry carbonate of soda must bo used to 10 pts. 
of Prussian blue. The ignited mass is oxhanstod with boiling alcohol, 
from which the cyanide of sodium crystallizes. (F. & E. llodgcr.s, 

Mug. J. 4, 04.) When tho aqueous solution of this salt, which may bo 
formed by mixing aqueous soda with hydrocyitnic aciil, is evaporated, it 
first yields crystals and then coagulates to a salino uuws. (Tttucr.) 

CvANiDB OP Bauium.—B: iCy=C^NBa.—May bo obtained in the dry 
state by igniting forrocyanido of barium in a close vessel (Berzelius, 
Lehrh.)-, and in tho state of aqueous solution by adding hydrocyanic 
acid to baryta-water, till it no longer prcoiiiitates noutr.il hyilrochlorato 
of maguc.sia. (Ittuor.) Tho solutieu has an alkaline reaction; is docoiu- 
posod by carbonic acid (Schoolo), and when boiled gives olf ammonia 
and carbonio acid [1], at tho same time <lopositing carbonate of baryta, 
and small tables of hydrooyanato [formiato] of baryta, fittnor.)—Cyanido 
of barium dissolves readily in water, and with tolcranlo facility also in 
rootifiod spirit. (P. & E. llodgcrs.) 

CvANiDE OP Calcium. Obtained in tho form of aqueous solution, or 
ns hydrocyanato of limo, by saturating aqueous hydrocyanic acid with 
hydrate of limo and filtering.—Schoclo iiroeipitatos tho excess of limo 
taken up tho water, by adding an equivalent quantity of aquoous 
oarbonio acid; Ittner & Sehindlor, on tho other hand {Aletg. I'karm. 
30, 07), add hydrocyanic acid to tho filtrate till it no longer iirooiiiitatos 
a neutral solution of hydrochlorato or sul])hato of magnesia.—Carbonio 
acid added to a solution of cyanido of calcium throws down tho limo. 
(Schoolo.) When it is distilled, all tho hydrocyanic acid passes over, 
leaving tho lime behind (Schoclo); when boiled, it gives olf hydrocyanic 
and carbonic acid, and loaves carbonate of limo. (Ittner.) 

CvANiDU OP Maonesium; aqueous.—Rocontly precipitated hydrate of 
magnesia dissolves readily in aquoous hydrocyanic acid; calcined inagnosia 
dissolves slowly. Tho solution is decomposed by tho carbonic acid of 
tho air, just liko potash-loy or limo-water. (Schoolo.) 

Cyanide op Ceuium. —Cyanido of potassium produces in solutions of 
oorous salts a white gummy precipitate, which hovvovor quickly gives off 
hydrocyanic acid and is converted into hydratod coroiis oxide, (Boringor; 
Ann. 1‘harm. 42, 139.) 

Cyanide op Yttrium. —Tho solution of hydrate of yttria in aquoous 
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(Solieolo); when cyaniclo of poLasaium is added to a aalt ol alumina, 
hydrate of alumina is prooipitatoil free from hydrocyanic acid. 

Gyemide of Titanimn ?—Whoa the solution of orudo platinum oro in 
aqua-rogia is prooipitatod by oyauulo of silvor, oyanido of titanium is 
thrown down, togotker with tho cyauido of palladium and ooppor. On 
igniting this prooipitato in a retort, oyanido [or impuro ohlorido ?] of 
titanium sublimo.s in tho form of a groyish whito mass, which diM.solvcis 
roadily in water, and is then prooipitatod whito by ammonia, yolh)wi.sh 
rod by tinoturo of galls, and gives a whito colour with tin and hydro¬ 
chloric acid. (Fr. Woiss Fr. iloboroinor, Aim. Pkarm. 1-f, 10.) 

IT Nitrocyanide of Tihtnimi. —C-N’Ti,3NTF_Formorly rogardod 

as motallio titanium (III., 480).—'Ooenrs as a fiirnaco-in'odiiot in tho form 
of beautiful, opaque, coppcr-colourod crystals in tho high blast-furmioos 
in which iron is smoltod (III, 400, 407). It.s produotiou appears to l )0 
connected with tho formation of cyanklo of potassium so constantly 
observed in tho iron furinicos (p. 380) j a similar prodiiot is in fact 
obtained by placing a mi.vturo of forrooyanido of potas.sinm and titaiiio 
acid in a well-closod cruoihlo, and exposing it for an hour to a boat 
sutHoiont to molt niokol. Tho result is a brown niifinsud mass, wliioh, 
under a magnifying power of 300 diamotors, exhibits, hosidos i)artielnB 
of inetallio iron, a uotwovk of short coppor-oolonrod prisms having a 
strong motallio lustre. Tho.so crystals, when freed from iron by Uyilro- 
chlorio acid, exhibit all tlio properties of tho crystals found in tho blast 
furnaws.^ (Wbhlor.) — [For the physical proportioa of this compouiul, vid. Vol. 
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The graphite ia merely an nccidoutol admixture.—Tho crystals with which tlui analysis 
was made, wore produced at tlio llllbcluml .siniiltiiig fiiniiico in tlio llartz, wliera a mass 
of this eompound lias been found weighmg 80lbs. (coi/ip. HI., ‘1C7.) 

When this compound is Iioatod to rodnoss in a porcolaiii tubo, and a 
continuous current of aquoous vapour passed ovor it, titanic acid is formed 
with evolution of hjrdrogou gas in considorablo quantity (Ilogmiult), and 
likowiso of ammonia and hydrocyanic acid. (Wiiblor.) If tlio crystals 
are in their natural state (not pulvoriaod), tlio titanic acid thus jirodiicod 
maintains tlio form of rounded cubosj but those, when examined by tho 
microscope, aro found to consist of nggrogates of crystals in tlio form 
of pointed, squaro-ba.sod ootoliodroiis, having a strong lustre and exactly 
resembling the crystals of native anataso. 

1 ho crystals of nitroo^anido of titaniiiiii hon.tod in dry olilorino gas, 
yield liquid oldorldo of titanium, and a orystallino, volatile, yellow sub¬ 
limate, consisting of a compound of ohlorido of titanium with ohlorido 
ol cyanogen.—Mixed in tho state of powder with bydrato of potash and 
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fuaod, tlioy givo olF amiuoniii,, and arc oouvoi’tod into titanato of potasli. 
IVhon tlio pulvorizod compound is lioatcd with oxide of lead, copper, or 
inoreury, a lively sparkling flanio is emitted ami tlio oxiclo is reduced to 
tlio metallic state. The hont evolved in this reaction is so great that 
oven copper runs into a globule in the glass tube. (Wohler, Ann. IVicmn. 
73, 347; N. Ann. Ghim. Phys. 29, ICC; abstr. Berl. Accul. Ber. 1840, 2-14; 
Po(j(j. 78, 401; Bharm. Cent. 1849, S22; Chan. Sue. Qu. J. 2, 352; Chem. 
Oaz. 1851), 73; N. Ann. Ghim. Phys. 28, 382; GomiU. rend. 29, 505; 
Inslit. 1840, 353.) IT 

CvANiDE OF Vanadium, —When hydrated vanadio oxide is digested 
in a close vos.sol with iKpiooiis hydrocyanic acid, a dark brown gelatinous 
mass is produced, which may bo washed and dried without turning greon. 
It dissolves in aqueous oyanido of potassium; hut the solution, when 
evaporated in an open vessel, continually gives oil' hydrocyanio acid and 
loaves vanadiato of potash, (llorzolius, Pogg. 22, 2G.) 

PllOTOCYANinK OF ClIIlOMJUM, OV ClIUOMOUS CvANIDE.- Cl'Cy. - 

Formed by dis.sulving protoohlorido of chromium, CrCl,in water thoroughly 
freed from air by boiling and immodiately ]>ouriiig the solution into aipioous 
cyanido of pota.ssium. The white precipitate does not dissolve in oxco.ss 
of oyanido of potassium. It o.xidizos during washing, and l.s (piickly 
converted into a groyi.sh green comi)ound of soscpiioxido and ses<piioya- 
nido of olu'omium. {Bendius Lchrhich.) 

SK.sanroYANtDNoFCiriiOMiUMjOrCiruoMicCYANiDK.—Cr®Cy’.—Formed 
by precipitating a chromic salt with oya.nido of potasHium. When 
neutral sosquichlorido of chromium is added drop by drop to aqueous 
oyanido of potassium, a light bluish grey precipitate is formed, which is 
iiisolublo in oxoos.s of oyanido of |iotassium. If, on the contrary, the 
oyanido of potassium bo dropped into the scsquichlorido of chromium, 
tlio prooinitato at first dissolves in excess of the latter; on further addition 
of oyaniao of potassium, it becomes permanent in the cold, but dissolves 
when boated ; a largo cpiantity of cyanido of potassium, however, 
precipitates all the chromium. Similar reactions are obtained with 
potash chromo-alum, excepting that the mixture immodiately becomes 
green. 

The precipitate, which is white at first, soon unites into a bluish 
green mass, which becomes somewhat darker after being washed and 
dried. When a dilute solution of oyanido of potassium is dropped into 
alcoholic sosquiohlorido of chromium; tho resulting preeijiitato is gela¬ 
tinous and of a dark violet coloui’, but becomes black after drying; it 
has a oonchoidal fracture, ami forms a bluish grey powdor, 

Sosquicyanido of oliromium, after being dried in an atmosphere of 
hydrogen, at a temporaturo about EDO**, which caasos it to ahi'ink togothor 
strongly, may bo afterwards kept in hydrogen gas, at a continued rod 
heat, Avithout decomposition. It then dissolves (with tho oxcojition of a 
slight product of decomposition) in boiling hydroohlorio acid, forming a 
green solution, from which it is precipitated by ammonia, with its ori¬ 
ginal bluish gi'oy colour. Recently precipitated sosquicyanido of chro¬ 
mium likewise disBolvos in dilute acids, oven in acotie acid, forming 

f ;rcon solutions, from which nothing is separated by ether. Hot potasli • 
oy decomposes tho compound into chromic oxide and sosquicyanido of 
chromium and potassium. {Berzelius Lehrbuch.) 

Aqupoiis cyanido of potassium, mixed at ordinary temporatuvos with 
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sulphate of chromic oxido siiul puiiish, f^iros oft’ hyilrocyaiiio acid, and 
forms a greyish white precipitate, wliich afterwards heroines dark grocm, 
and wlion dissolved in nitric acid, thrown down cynnidn of silvi'r from the 
nitrate. (F. & E. Rodgers.) After the precipitate, whieli lias (lie iipiionr- 
anco of hydrated chromic oxido, him horn well washed, its solution in 
nitrio acid no longer pirecipitatos silver, (llainmelshorg, 1‘oijij. 42 , 141 .) 

llydro-ckromidci/anicacid. 3nCy,Or-Cy^=C'"N''lF,C''N''Ci'’.—Formod 
hy passing siilphurotted hydrogen gas through water, in whicdi finely 
divided sosipdcyanido of chrominin and silver is isn.sprndod, lill.oriiig to 
separate the sulphide of silver, and evaporating in viirno. CrystallinOj 
reddens litmus strongly, and decomposes carhonates. (Rockmiuiii.) 

Ghromideyankle of I^oCassiwn. 3 KCy,Ci"Cy“ — C''N“K’'.C'’i\“Cr“.— 
ci/aniiU of Chromhmi find Po/nsshtm. —The solution of hydrated eliromie oxido 
in aqueous potash which is siipcnsatiirated with liyilroeyanic arid, acquires 
ahrown-rod colour on exposure to the air, and yields erystiils, which 
may he purified hy recrystallization. TIk'.so crystals lire yellow, and 
have the form of ferrideyanido of potassinni. (lioeknniiin, JAvhkj, Okim, 
ory. 1 , 174 .)^ . , . , . 

This salt is likewise formed on siiper.satiirnting a ehroinie salt with a 
largo quantity of cyanide of ])otas.sium, till, on (ho njiplicatioii of heat, 
the precipitate rcdissolvos, and form.s a yellow solution, (lliiidlen it .I'ro- 
souius.) When washed and still moist sesqnicyiiiiido of cliromiiim is 
digested, over the wator-hath, with aqueous cyaiiido of ])otas.siiim in a 
bottle filled with the liquid and closed, the liquid slowly acquires a deep 
yellow colour, without dissolving any of the cyanide of cliroiiiinni. The 
compomid i,s most readily obtained hy digesting the red iiowdor of sesqui- 
chlorido of chromium and potassium, with aipinons cyanide of jiotiissiiim 
at SO'’ or 90®, till the separated sosqnioyaiiide of cliroininm is rcdissolved, 
adding alcohol in small portions to tho illtral.o, as long as a soft yellow 
ma.ss continues to settle down (afterwards white flakes of cyanide of 
potassium arc precipitated); collecting tho yellow mass tiy itself) 
dissolving it in a very small ipiantlty of wato)'; ami leaving tho yellow 
solution to evaporate in tho air. lu thi.s case, tho chromideyanido ol 
potassium crystallizes indistinctly, mixed with bluish groy Hesi|nieyunida 
of chrominin, from which, however, it may bo He)iaratod by solution in 
water. Tho yellow solution when loft to evaporate spontaneonsly in tho 
air, deposits violet sosquicyanido of chromium; but whim mixed with 
a small quantity of sal-ammoniac, and thou eva])oratod, it gives oiT hy- 
drocyanato of ammonia, and deposits bluish groy sosquicyanido of chro¬ 
mium, {Berzelius Lehrh.) 

Recently precipitated Hydrate of Uvanous Oxide docs not disstdvo in 
aqueous hydrocyanic acid. On adding aqueous cyanide of potassinin to 
protochloridc of uranium, hydrocyanic acid is givon oil', and a hlack 
precipitate formed, consisting of urauous oxido froo from hydrooyanio 
acid. (Rammclaborg, Bogy. 5f), 2.) 

Sesqxdcyanide of Uranium^ Cyanide of potassium forms a yellowish 
■white precipitate with uranic salts (Proust); tho precipitate has a sjilondld 
yellow colour, and dissolves in nitric acid. (F. Ik E. Rodgers.) It like¬ 
wise dissolves very sparingly in excess of cyanide of potassium, forming 
a pale yellow liquid, which acquires a deeper yellow colour when troatoil 
with hydrocyanic acid, but retains tho odour of that acid. (F. ik E. 
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Rotlgcrs.) Tho solution of tlio precipitate in cyanide of potassium is 
nccoloratod by heat, tho yellow liquid is not precipitated hy acids, 
(llaidlon & I'l'csoiiiiis; comp, also Wittstoin, llepert. 63, 214.) 

PROTodYANiDE OP Manoanjssb, 01 ’ Manganou.s Cyanide. —MnCy.— 
Cyanido of ])otas,sium forms svith manganous salts, a greyish yellow 
(Ittnor), yollow (Proust), yellowish white (Wittstoin), greyish green 
(Raiiimelshorg), faintly reddish white (Grin.), bulky precipitate. It 
quickly turns brown on exposure to tlio air, (Rainniclsberg, 42, 

117.) It is decomposed hy tho stronger acids, and dissolves in alkaline 
hydrocyanato. (Ittnor.) 

M anoano.so-ManoAN io Cyanide. — Mn®Cy''= C“N“Mu“,C“jiSr®MiP. — 
Tho reddish yellow prccipitato which manganico-potassic cyanide forms 
with manganous salts. (Rammclsherg.) 

Sesciuioyanide op Manoane.se, or Manoanic Cyanide.— MiPCy®= 
CN’MiP. Known only in combination ivith other metallic cyanides. 

J^rMlynnocycinide of Polfissiuvi. I'rottmjunUh of MangaMso. nnd Polassiuir ,— 
The brown-rod solution of manganous cyanido in cyanido of pota.ssium, 
deposits tho former on tho addition of a modcrato quantity of acid; on 
exposure to tho air it deposits hydrated manganous oxide, and is con¬ 
verted into the following conqionnd. Recently precipitated sulphide of 
mangnnoso dis.solvos .slowly and sparingly in heated aqueous cyanido of 
jiota.ssium, forming a pale reddi.sh yellow liquid, containing sulphide of 
potas.sium and mangmiocyanido of pota.ssium, (Haidlon & Frosonius, Ann. 
I'hariii. 43, 122.) 

Jfaiiffanidcyainck of roiassium. 3KCy, MiPCy”=C“N’K",C''N‘'’MiP.— 
ScHiink'j/nnidc qf Mmiymimo nnd Polasslum. —Obtained hy leaving a solution of 
pretocyanido of manganese in aqiicoiw cyanide of potassium to evapo¬ 
rate in tho air till it orystallizos. — 1. Manganous carbonate is digested 
with aqueous cyanido of jiolaasium and hyilrocyanic acid in an open 
vessel, or tho precipitate obtained hy .adding cyanido of potassium to 
manganous sulphate is dissolved in aqueous cyanido of potassium, and 
tlioroddisli liltrato carefully evaporated. (Grin.)—2. A coucoutrated solu¬ 
tion of manganous acetate is mixed with a largo quantity of hydro¬ 
cyanic acid, and neutralized with jiotash, and the colourlcs.s or pale 
yellow liltrato, containing pretocyanido of manganese, is evaporated at 
a gentle heat, whereupon it is suddenly converted (oven out of contact 
of air, and, thoroforo, perhaps with evolation of hydrogen) into a, red- 
hrown solution of mangaiiic-potassio cyanido, a lilack precipitate of 
hydrated manganic oxide being formed at tho same time; this solution is 
then filtered and ovaimratod to tho crystallizing point. (Rauimolsborg.) 
Rocontly pvocipUatod pvotocyanido of inungnncso dissolves but sparingly 
in aqueous cyanido of potassium; hut after it lias acquired a darker 
colour hy exposure to tho air, it dissolves ahuudaiitly, and tho solution, 
when evaporated, yiold.s long needles. (Balard.) 

.Rrowii-red needles (Gm.) having the form of ferrideyanido of potas¬ 
sium. (Rammclsborg.) They turn brown in tho air; thoir rod aqueous 
solution hoooincs turbid when exposed to tho air, and gradually deposits 
tho rnaiigano.so, in tho sliapo of hlacic hydrated sesquioxido, tlic change 
being accoloratod by repeated solution and evaporation. (Gm. Jlandbuch, 
Aufl. 2, IT,, 1694.) Tlio crystals decompose when boated above 200“, 
turning black, giving olT a small quantity of byfirocyanio acid, and 



leaving a brown-rccl alkaline rosiiluo. Acids liberate bydrocyanio acid 
from the salt; alkalis are ■without action iijion it; bydrostilphato of 
aninioiiia very slowly precipitates a portion of the inaiiganoso. (Rani- 
inelsborg, Pwjg. 42, 117.) The crystahs are decomposed by water or 
alcohol; and must, therefore, be dissolved in atpicons oyaiuuo of potaa- 
simn, (Balard, Goinjgt. rend. 10, 919.) 

CrijslaWzeil. llnmmclsborg. 

3 K. 117-0 .... .S5-ca . Sri-.l.l 

2 Mn . 50-0 .... 10-9!) lti'5-1 

G Cy. 150 0 .... -17-33 

. 329-0 .... 100-00 

Hydrocyanato of lime, added to Ilydrochhrate of A nlimomo Oxide, 
throws down the pure oxide with evolution of hydrocyanic acid (Sehoolo); 
cyanide of potassiuni acts in the same niannor. Tersnlphido of antiinoujy 
dis,solves slowly in boiling aqueous cynnido of potaa.sinm; the iiontasul-* 
pliido of antimony dissolves readily; and both are proci])itatod in the eri- 
ginnl state by acids. (Haidlcn & Presenilis.)—Prom JHmuth-mlts also 
alkaline hydrocyanates do not throw down cyanide, but only oxide of 
bismuth. (Haidlon & Preseuius.)—IT Th. Dioz {Jaltrh. })r. I’karm. 22, fiOj 
Jahresber. 1851, 379) states that cyanide of bismuth is obtained na a 
somewhat yellowish precipitate, on adding cyanide of [lotiissium to pure 
nitrate of bismuth; the liquid, when left at rest, dojiosits a oonHidornblb 
additional quantity of the cyanide in small crystals; hence it should not 
bo filtered till the following day. Dioz, however, gives no experiment to 
demonstrate the existence of cyanogen in his prociiiitato, Ilydrocyanio 
acid produces no procijiitato in solution of aoetato of bismuth. If—Sul¬ 
phide of bismuth docs not dissolve in aqueous oyanido of potassium. 

Cyanid]!! op Ztno.—Z nCy.—Even the oxide of zinc produced by com¬ 
bustion is convortod into cyanide of zinc by digestion in aqueous hydro* 
cyanic acid. Alkaline bydrocyanatos added to zinc-salts, tlirow down 
white cyanide of zinc (Seboolo), and the same coinponiid is prociiiitatod 
from acetate of zinc by free bydrocyanio acid. (Wiililor.) 

Preparation. 1. Bybi-ingiug oxide of zinc in contact witli liyclrocyanlc 
acid.—2 parts of ferrocyanidc of potassiuni aro distilled with the requi¬ 
site quantity of dilute sulphui-io acid, and the hydrocyanic noid colloctocl 
in a well-ooolod receiver, containing 1 pt. of flowers of zino, togotliOt 
■with wp.ter, and frequently agitated; when the odour of liydrooynnio 
acid becomes permanent, the oxide may be considered ns saturated. 
(Corriol & Bertheraot, J. Pluarm. 16, 444; also Br. Arch. 35, 152; also 
It^erl. 36, 106.) Ail equally good method is to shako up oxide of zinO 
with aqueous hydrocyanic acid.—2. By precipitating acetate of zinc 
with aqueous liytlrooyaiiic acid. In this case, only half of the zino IeI 
thrown down in the form of cyanide, because the nootio acid whioli is sot 
free prevents further precipitation. Hence it is nocossary to noutralizd 
the acetic acid repeatedly, by adding small quantities of oarbonato of 
lime. (Corriol & Bertheinot.) Instead of acetate of zinc, a mixture of 
sulphate of zinc with acetate of potash may bo used. (Bette, 

Pharm. 31, 214,)-—3. By precipitating a zinc-snlt with an alkalino 
hydrooyanate. This salt must be free from ferrooyanklo, also from car¬ 
bonate or oyanate, otherwise ferrocyanide or oarbonato of zinc will bo 
precipitated together with the cyanide. Bette passes the vapour of 









hydrocyanic acid evolved from 17 pts. of forrocyanido of potassium, 
17 oil of vitriol, and 32 wator, into a receiver containing 24 pts. of 
aqueous ammonia of sp. gr. 0'07; adds the hydrocyanato of ammonia 
thorohy produood to a solution of 18 pts. sulphate of zinc in 48 wator; 
and washes the precipitated cyanide of zinc, which, when dry, amounts 
to 7 ])arts. 0. Henry (.f. J‘kar7ii. 15, 57) mixes aqueous sulphate of 
zinc with tho aqueous solution of the cyanide of potassium obtained by 
igniting tho forrocyanido. Schindler {Mag. Fliarm. 36, 07) precipitates 
chloride or nitrate of zinc with hydrocyanato of lime, prepared in the 
manner which lio recommends (p. 417); and washes tho precipitate 
only so long as tlic waah-wator still contains zinc. If tho washing he con¬ 
tinued longer, tho precipitate becomes iiioro and more basic, because tho 
wator talms up hydrocyanic acid, and Icsivos tho zinc-oxido in tho proci- 
pitato; tho loosely coherent iirccipitato is then dried, during which 
process hydrocyanic acid is likewise given oIT, Ilonco tho cyanide of 
zinc contains a larger quantity of oxide, as tho solution from which it 
has boon precipitated is inoro dilute. Thus tho precipitate obtained from 
concculrated solutions, contains 88'00 per cent, of cyanide of zinc, O'OC of 
oxide, and 2‘04 wator; tho precipitate from solutions of the two proci- 
pitants in 40 parts of wator, contains 54'40 cyanide of zinc, 37‘32 oxide, 
and 8'25 water, Tho precipitate is free from carbonic acid, provided it 
lias boon quickly dried, and tbo cyanide of iiotassinin used was froo from 
carbonate of potash. (Schindler.) According to Itammelsborg {Fogg. 
42, 114), on the contrary, tho cyanide of zinc is anhydrous, and contains 
55'7fi per cent, of zinc. 

Snow-whito, tnstclcHs powder. 

Cyanido of zinc, heated in close vossols, gives off cyanogen gas as 
long ns water continiioa to oscn.i)o from it, but not much afterwards. 
When perfectly dry, however, it still undergoes slight decomposition, and 
ultimately loaves a black mixture of cyanide of zinc (paraoyanido, accord¬ 
ing to Ilammelsborg), granules of metallic zinc, and charcoal. ^Schindler.) 
Well dried cyanido of zinc, kept for four months, aggregates into a com¬ 
pact mass, sniolls strongly of ammonia, has a sweetish tasto which after 
a wliilo hocomes metallic, and gives off' 6 per cent, of ammonia; cyanido 
of zinc and ammonium ajipcars, therefore, to have boon J'ormod. (Schind- 
lor.)—Cyanido of ziuo dissiolvcs in tho stronger acids when cold and 
dilute (oven in acetic acid, according toHaidl, & Fres.), with ovolntion of 
hydrocyanic acid, (Scheolo.) It it hut partially docomiioscd hycontlnuod 
boiling witli inorourio oxide. (Corriol & liortliomot.) Insoluble iii wator 
and in alcohol; dissolves in aqueous ammonia or potash, forming mixtures 
of zincato of tho alkali with cyanido of zinc and ammonium or potassium: 

2ZnCy + 2ICO = KO.ZnO + ICCy.ZnCy. 

It likowiso dissolves in carbonate of ammonia, and, on tlio application of 
boat, in ammonlacal salts, (Wittstoin, liepei't. 03,314.)—^Dissolves readily 
in alkaline hydrocyanatos. 

Cyanide of Zinc and Ammonium. —NI-FCy,ZnCy.—1. Obtained by 
leaving a solution of cyanido of zino in aqueous ammonia [or in bydro- 
cyanato of ammonia] to evaporate freely in tbo air.—2. By passing tho 
vapour of hj^drocyanio acid evolved from forrocyanido of potassium and 
sulplmrio acid into a recoivor containing aqueous ammonia and oxide of 
zino, and ovajiorating tho filtrato. 

Colourless rhombic prisms (differing but littlo from square prisms), 



424 


METHYLENE; SECONDARY NUCLEUS CHNH. 

witli truncated lateral edges. The crystals effloresce in the air, and 
smell strongly of hydrocyanic acid and ammonia. Thoy give oil liydro- 
cyanatc of ammonia, and, after ignition, leave a re.sidiio, which gives olT 
ammonia when fused with hydrate of potash, and therefore still retains 
ammonia [cyanide of zinc]. Ignited in contact with air, they leave 
oxide of zinc. They dissolve imperfectly in water, with separation of 
cyanide of zinc; with acids they give off hydrocyanic acid. Thoy dis¬ 
solve completely in aqueous ammonia, and very sparingly in alcohol of 
40^ Bm. (Corriol & Berthemot, J. Pham. 3 6, 444.) 

Cyanide of Zinc and Potasswm.—KCy,ZnCy.—Formed, when oxide 
or carbonate of zinc is dissolved in aqueous cyanide of pota.ssiuni mixed 
with hydrocyanic acid. (Gm.) Recently precipitated sulphide of zinc 
dissolves in aqueous cyanide of potassium, forming this compound, togo- 
ther with sulphide of potassium. (Haidlen & Fx’csenius.) 

Preparation. Cyanide of zinc is dissolved in aqueous cyanide of potas¬ 
sium, or oxide or carbonate of zinc in cyanide of potassium or carhonato 
of potash, mixed with hydrocyanic acitf. The proportion must ho such 
that the liquid shall smell but faintly of hydrocyanic acid, and have a 
scarcely perceptible alkaline reaction. The carbonic acid is expelled 
with brisk effervescence. Hydrocyanic acid may bo added, with frequent 
agitation, to 40'2 pts. (1 At.) zinc-oxiile and C.0'2 pts. (.0 At.) carhonato 
of potash, and water, till the acid retains its odour, and the oxido is dis¬ 
solved. The crystals obtained from the solution by evaporation and 
cooling may be purified by recrystallization. 

I.arge, regular octohedrons, sometimes transparent and colourless, 
sometimes turbid, decrepitating when heated, but fusing without doemn- 
positiou into a transparent and colourless liquid. Permanent in the air. 
Slight alkaline reaction, when dissolved in water. (Gm. TIandhuch, Aud. 
2, II., ICOy.) Has a peculiar sweet taste. (Schindler, May. Pharm. 36, 
70.) The aqueous solution smells slightly of hydrocyanic acid. Small 
quantities of hydrochloric, sulphuric, or acetic acid added to it, throw 
down cyanide of ziuc, which is gradually decomposed and di.ssolvcd by 
larger quantities of the saino acids. Sulphuretted hydrogen gas passed 
through the solution, precipitates but little sulphide of zinc. The warm 
aqueous solution smells faintly of hydrocyanic acid. (Gm.) With a con¬ 
centrated solution of chloride of barium, this salt forms a precipitate which 
rhssolves slowly in water; with a dilute solution, it gives no precipitate. 
The precipitate obtained with chloride of calcium dissolves in excess of 
that salt. Cobalt-salts yield a pale brick-red, nickel-salts a greenish white, 
and corrosive sublimate a white pi'ecipitato, no perceptible odour of 
hydrocyanic acid being evolved in cither case. These precipitates are, 
therefore, compounds of cyanide of zinc with other cyanides. (Gm.) 
But in the precipitation of alum, of bydroehlorato of titanic, chromic or 
ferric oxide, or of mercurous nitrate, hydrocyanic acid is sol free, and 
the precipitate consists entirely of the oxide or its hydrate. Sulphate 
of copper gives a brownish yellow precipitate, which evolves cyanogen, 
and is probably, therefore, a mixture of cyanide of copper and cyanide 
of zinc. (Gm.) The precipitate formed with acetate of load is a white 
powQG), from which Jicctic ficid extrjicts oxido of Icudj lotivijig oyoiiido 
of zinc undissolved; hence, perliaps, the precipitate is ZnCy,PbO. 
(bamsehus, Berzelius, Jahresher. 20,152.)—Alcohol added to the aqueous 
somtion, throws down bitartrate of potashj probably, therefore, a zinco- 
hydrocyanic HCy,ZnOy is produced. (F. & E. Rodgers.) Cyanide of 
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s^inc and potassium dissolves readily in cold water, and not mucli more 
*a.l3undant]y in hot water. (Gm.) 


K .... 

Dried Cri/sta/s. 


Rammelshcrg. 

Scliimller. 

. 39-2 .. 

.. 31-77 

. 32-15 

31-3 

Zn.... 

. 32-2 .. 

.. 2C-09 

. 25-91 

2C-0 

2 Cy .... 

. 52-0 .. 

.. 42-14 


42-4 


KCy.ZnCy . 123-4 .... 100-00 . . 99-7 


Tlie author’s analyses give similar results. The crystals contain 
Ho combined water, but only water of decrepitation, amounting, ac¬ 
cording to Schindler’s experiments, to 2 or 3 per cent.; but according to 
■fclio author’s, to only^ per cent. Rammelsberg {Fogy. 38, 371) dried the 
Crystals at 200°. 

This salt, from the invariability of its composition and the facility 
’vvith which hydroo 3 'anic acid is separated from it by acids, is better 
sxdapted for medicinal use than hydrocyanic acid itself. 

Cyanide of Zinc and Sodium. —NaCy,2ZnCy.—Prepared in a similar 
iXTanner to the potassium-compound. When much concentrated, it crys- 
■tn-llizes in white, shining laminro, which at 200° give off all their water 
of crystallization, amounting to 22-79 per cent. (5 At.). Dissolves in 
'Water much more readily than the potassium-salt. (Rammelsberg, Fogg. 
42 , 112 .) 


Nft . 

Dehydrated. 

... 14-01 

Rammelsberg, at 200°, 
. 14-79 

2 Ziv . 

. G4-4 . 

... 38-89 

. 37-89 

2 Cy . 

. 78-0 . 

... 47-10 


NaCy,2ZnCy 

. 1C5-C . 

... 100-00 



Cyanide of Zino and Barixm. —The potassinm-componnd added to 
acetate of baryta, throws down a white powder, which dissolves very 
slowly in water, does uot appear to contain water, and appears to consist 
of: BaCy,2ZnCy; it contains, however, ^ percent. potns.sium. (Rainnicla- 
laerg, Fogg. 42, 113; comp. Sainsolius, Bex'zelixis Jnhreshericht, 20, 1,'32.) 

Cyanide of Zinc axid Calcium .—Obtained by treating cyanide of zinc 
•with hydrocyanate of lime; tolerably soluble. (Schindler, Mag. Flxarm. 
36, 70.) 

Ch-oniidcxjaxiide of Zme. — Chromideyanido of potasslnm forms with 
stinc-salts, a white precipitate which turns light bluish grey when dry. 
(^^erzeliiis Leh-b.) 

Maxiganidcyanide of Zinc. —Maiiganidoyanido of potassium gives a 
rose-coloured precipitate with zinc-salts. (Balard.) 

Cyanide op Cadmium. —CdCy. In oonsoqncnce of tho solubility of cya¬ 
nide of cadmium in water, cadmium-salts are not precipitated by alkaline 
liyclrocyanatcs.—Cyanide of cadmium is prepared by dissolving recently 
jjx-ecipitated and well washed hydrated oxide of cadmium in hydrocyanic 
ncid, and evaporating tho filtrate at a gentle heat till it crystallizes.— 
AVhito crystals, which arc permanent in tl )0 air, contain no water, undergo 
11 o alteration at 200”, but when more strongly heated in contact with air, 
turn brown and black, and becomo covered with a thick deposit of oxide. 
(Hammclsbcrg, Fogg. 38, 30-4.) 
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ammoniacal salts; according to Haidlen & Fresenius, it forms a yellowish 
white precipitate of cyanide of cadmium. [Tho author likewise obtained 
with sulphate of cadmium and cyanide of potassiumj a copious white 
precipitate, soluble in excess of cyanide of potassium. What difference 
is there between this precipitate and the soluble compound obtained by 
Eammelsberg 1] 

Ilaramelsberg. 

Cd . 56 .... C8’29 . 67-26 

Cy . 26 .... 3 1-71 _ 

CdCy . 82 .... 100-00 

Gyanide of Qadmimn, and Potassium. —KCy,CdCy.-—Obtained by 
evaporating and cooling a mixture of acetate of cadmium and cyanide 
of potassium. Colourless octohedrons, having a strong lustre, and exactly 
like the zinc-.salt; permanent in the air; taste metallic, and like hydro¬ 
cyanic acid. At 200°, the crystals give off from O G to 3’1 per cent, of 
mechanically enclosed water, and when more strongly heated, fuse into a 
colourless liquid, which on cooling solidifies into a grey crystalline mass. 
(Eammelsberg.) 

Rammelsberg, at 200°. 

K . 39-2 .... 26-63 26-58 

Cd. 56-0 .... 38-04 37-27 

2 Cy. 52-0 .... 35-33 . 

KCy,CdCy . 147-2 .... 100-00 

When heated above its melting point in a close vessel, it decomposes 
very slowly; but if exposed to the air, it gives off brown fumes of oxide of 
cadmium, deposits metallic cadmium on the sides of the vessel, and loaves a 
carbonaceous, alkaline residue. Oil of vitriol acts violently upon it; dilute 
sulphuric, hydrochloric, or nitric acid liberates hydrocyanic acid from it, 
even at ordinary temperatures. Sulphuretted hydrogen passed through 
the aqueous solution, precipitates the cadmium completely in the form of 
yellow, finely divided sulphide, which passes with the liquid through tho 
filter, unless tlie liquid be mixed with a stronger acid, or left to stand for 
some time. Hydi-ochlorato of baryta, strontia, or lime, forms with it a 
white precipitate, soluble in hydrocbloi-ic acid; sulphate of manganese 
throws down white flakes, which soon turn brown; tartar-emetio or 
nitrate of bismuth, a white precipitate; sulphate of zinc, a white pre¬ 
cipitate soluble in acids, and containing, after washing, 4 pts. zinc to 
1 pt. cadmium; and sulphate of copper, a brownish white precipitate, with 
evolution of cyanogen. From mercurous nitrate the solution throws 
down metallic mercury. Solution of gold is decolorized by it, with 
evolution of cyanogen, but without precipitation. From alum and ferric 
sulphate the solution throws down the hvdratcd oxides, with evolution 
of hydrocyanic acid. No reaction is exhibited by ammonia, potash, sul¬ 
phate of magnesia, or corrosive sublimate. Cyanide of cadmium and 
potassium dissolves in 3 parts of cold water, 1 part of boiling water, and 
not perceptibly in absolute alcohol. (Rammelsberg, Pogg. 38, 36G.) 

Manganidcyanide of Cadmium. —Gadmic salts acquire a rose-colour 
when treated with manganid-cyanide of potassium. (Balard.) 

When stannous or stannic salts are treated with hydrocyanate of lime 
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or potash, tho precipitate does not contain cyanide of tin, but merely 
hydrated stannous or stannic oxido. (Scheole, Ittnor.) A certain portion 
of tin, however, remains dissolved in tho hydrocyanato of potash. Proto- 
snlphido of tin likewise dissolves to a slight extent in boiling aqueous 
cyanide of potassium, and is reprecipitatod by hydrochloric acidj bisul¬ 
phide of tin also dissolves, with separation of hydrated stannic oxido. 
(Haidlcn & Presenius.) 

CvANiDB OF Lead,—P bCy.—Hydrocyanato of lime forms with neutral 
acetate of load a white precipitate, which is insoluble in water and in 
hydrocyanato of lime, but dissolves in nitric acid, with evolution of 
hydrocyanic acid. (Soheclo.) Hydrocyanic likewise forms with sugar of 
load a thick white precipitate, which dissolves very sparingly in cold 
water, more abundantly in hot water, leaving however a palo red residue. 
(F. & E. Rodgers.)—Nitrate of lead is also precipitated by hydrocyanic 
acid. Tho wliito prouipitatc forms turbid mixtures with aqueous ammonia, 
carbonate of ammonia, and nitrate of ammonia, but with hot a([uoou3 
hydrochlorato or succinate of ammonia, it forms a clear solution which 
becomes turbid as it coots, (Wittstoiu,)—IT According to Erlonmoyor 
{J. pv. Chew,. 48, 35G) hydrocyanic acid produces no precipitate cither 
in nitrate, neutral acetato, or basic acetate of load. Hydrocyanato of 
ammonia forma a alight yellowish precipitate in solution of neutral acetate 
of lead. IT—Cyanide ot load ignited out of contact of air, gives olf 
nitrogen gas and leaves a compound [or mixture] of load and charcoal, 
which, if tho heat applied has not been too strong, is pyrophoric, (llor- 
zolius.)—When suspoudod in water, it is resolved by chlorine into chloride 
of load and free cyanogen, no chloride of cyn.Tiogon being formed so long 
as any cyanido of lead romains tindccomposod. (Liebig, iV/y. 15, 571.) 

.—It IS decomposed by cold dilute sul))huric acid, with evolution of hydro¬ 
cyanic acid. 

If Oxyetjanide of Lead. 2PbO,PbCy.— mule Cyanide of Lead. —Obtained 
by adding ammonia to a mixture of basic acetate of load and hydrocyanic 
acid. (Kuglor, Ann. fharm, CC, 265; Juhresher. 1847-8, 477; Erlon¬ 
moyor, J. 2'»'. Chew. 48, <356; Ann. Plumii.72, 265; Jahreshcr, 1849,291.) 
White precipitate, which mu.st bo wiishoil by <lccantation in a woll-closod 
flask—during which operation it becomos yellowish white—and dried 
over sulphuric acid and lime. (Erlonmoyor.) Yellowish white (Kuglor), 
smells of hydrocyanic acid (Erloninoyor, Kuglor), and gives oil'cyauogou 
when heated. (Kuglor.) 
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.... 88-00 

2 PbO . 

. 224 .... 30-72 .... 36-25 

Cy. 26 ... 

. 7-34 

.... 7-25 

I’bCy. 

130 .... 03-28 .... 03-0! 

2 () . 10 ... 

'1-32 

.... 4-.5(1 



3.Vt .. 

.. lOO-OO 



354 .... 100-00 

Kuglcr’s analysis gives dillbrcnt results, via., carbon 2'785; hydrogen 0'225; 
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iiitrop;en 2'34; lead S7’22; or 87'22 lead; 5'07 cyanogen; and I'OO water; 
wlicnce he deduces the formula PbO,PbCy+ MO. This however reqnires 
4'78 cjirbon; fi'58 nitrogen, and only S2'87 load, or lO'SG cyanogen and 
82'87 lead. The formula 3PbO,PbCy+HO, which requires 87'5 load, 
5'4 cyanogen, and 1 '22 water, is more in accordance with Kuglor’s analysis; 
but as Kugler neglected the precaution of washing his precipitate out of 
contact of aii', it may bo concluded that his analy.sis was made with an. 
impure substance. IT 

Chrom.idc.yunkle of Lead ?—Chroinidcyanidc of potassium does not 
precipitate nitrate of lead, but with basic acetate of load it forms a white 
precipitate (Biickmann); with lead-salts, it yields a white precipitate 
which becomes blue after drying. (JBenel'm& Lelirhnch.) 

Mamjanxdcyanide of Lead. —Manganidcyanide of potassium yields 
a brown precipitate with lead-salts. (Rammelsherg.) 

Cyanide of Zinc and Lead. —Cyanide of zinc and potassium throws 
down from lead-salts a white powder, which is free from potassium, and 
a.ppears to contain 2 At. cyanide of zinc to 1 At. cyanide of lead. 
(Rammelshorg, Pocjy. 42, 114.J 

Cyanide of Cadmium and Lead. —Sugar of lead forms with cyanide of 
cadmium and potassium a white precipitate which, before washing, contains 
18'38p. c. (1 At.) cadmium and 69'43 (2 At.)lead; but'after being washed 
and then dried at 200", whereby it loses only 0’55 p. c. water, it contains 
only 8'C7 p. c. cadmium to 65'43 p. o. lead, therefore 1 At. to 4 At. 
(lilammol.sberg,) 


Compounds of Cyanide of Iron or Priisside of Iron. 


ScilEELE, Opuscida, 2, ] 48. 

I'lTNER. Leilriige zitr Geschichle der BlaxisHure. Freih. Const. 1800. 
PuousT. Ann. Chim. CO, 185 and 225; also A. Gehl. 3, 049. 
■V^AUdOELiN. Ann. Chim. Fhys. .5,113; also (Sc/hc. 25, 50. 

Berzelius. —Ferrocyanides, Plydroferrocyanic acid, Prussian blue. Axin. 
Chim. Fhys. 15, 144 and 225; also Schio. 30, 1.—Prussian blue, 
Ferrocyaiiide of lead. Foyg. 25, 385. 

PoRETT.—Hydroferrocyanates. Fhil. Trans. 1814, 527; also Scho,, 
17, 258; also Gilb. 53, 184; also-A. Tr. 3, 2, 422.— Anxi. Phil. 12, 
214; also Sekw. 2G, 224.— Ann. Fhil. 14, 295. 

RoBidUET.—Ferrocyanides. Ann. Chim. Fhys. 12, 27.5; abst. Schw. 
28, no.— Ann. Chim. Fhys. 17,196.—Prussian blue. Ann. Chim, 
Fhys. 44, 279; also J. Fharm. IG, 211; also A. Tr. 23, 2, 239. 
Thomson. —Ferrocyanide of Potassium. Ann. Phil. 12, 102; also Schw. 
26, 203; also A. Tr. 3, 2,469.— Atm. Fhil. 15, 392; also Schio. 29, 
504:.—Ann. Fhil. 16, 217. 

G-ay-Lossao.—P russian blue. Ann. Ohim. Fhys. 46, 73. 

L. Gmelin. —Ferriclcyanide of Potassium. Schiv. 34, 325. 

Pelouze. —Prussian green. Ann. Chim. Fhys. 69, 40; also J. Fharm. 

24, 545; abstr, J. pr. Chem. 16, 104. 

Rammelsherg.—F errocyanides. Fogg. 38, 364; 42, 111. 
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BuNsrcN.—Ferrocyanitlos with Aninionia. Pngy. 34, 131.—FaiTOcyaniilos. 

Fogg. 36, 404. 

Williamson. —Prussian blue, &o. Ann. Pharm. .67, 225. 

Ferropuussic or I-lYi)uoriiuuocYANio Acid. — G'N^ForP = 2HCy, 
FoCy. — pcrnircltcil chyazic acid (Porivlt); liisenblausilure AreifacIMausunrcn 

Eisenaxj/dul, Wassci'sloffeisencyanilr (IJerzBliua); Ferrocyanmissprs/_ngi;diirc (Jjkiljig); 
Acide /it/ilroct/amferi'ii/Hc (Gi\y-L,uss»c ).— Gay-Liissac ami Liobig siippo.so that 
it contaiiia a radical CN^Fe, which the forinor calls Cyminfevra, the latter 
Ferrocyanogen, denoting it by the symbol Cfy.—This acid was discovorod 
by Porrett in 1814. — Formation? According to Vauqiiolin, aqueous hydro¬ 
cyanic acid, but not tho anhydrous acid, brought in contact with iron in a 
clo.HO vessel, di.ssolvca tliat niotal, with ovolutiou of liyilrogeii, and iorins a 
liquid wliioh, when exposed to tho air, deposits prnsslaii bltio. Tho 
author’s attempt to form such a liquid wu,s not snccci3sfnl. 

Prepaniiion. 1. Porrett {Pchm. 17, 262) di.ss(dvos forrncyanido of 
barium in 1800 pta, of cold water, and precipitates the baryta by an 
oxaetly oquivalont quantity of sulphuric aciil, in a vessel prolootod from 
tho idr; the forrojirussio iicid thou remains in solution.—2. Porrett 
{Uchw. 26, 224) nu.xc3 the solution of 60 grain.s of forrooyanido of 
potassium in 2 or 3 draohma of hot water witli tho alcoholic .solution of 
68 grains of crystallized tartaric acid. Tho latter i.s conqilololy pre¬ 
cipitated in combination with tho whole of tho potash, in tho form of 
cream of tartar, and tho alcoholio Ihjuid, when abandoned to Sjiontauomis 
evaporation, deposits crystallized fcrroprussic acid.-According to Borze- 
liuH, tho inethoda 1 and 2 yield an impnro product.—3. llobiqnot 
Cldm. Phys. 12, 285) places prussian blue in contact with cold hydru- 
ohloi'io acid of tlio highest dogroo of concentration. This aciil dissolves 
out all tho sosquioxido of iron, and loaves fori’oprus.sic noid, which must 
bo washed by dcoantation witli hydrochloric acid in a narrow cylindrical 
vessel, till tho acid no longer acquires a pcrce])tiblo colour by taking up 
oxide of iron. Tho ])rodiict is then dried in a closed vo-ssel lillod witli 
liinoj dissolved in strong alcohol; tho solution loft to ovaporato spon- 
tanoouslyj and tho ro-sulting crysUils washed with a small quantity of 
alcohol, thou dis.solvod in a largo quantity, and tho acid loft to roerys- 
tallizo.—4. Berzelius (Sekw. 30, 14) jiassos snlphurottod hydrogen 
through water in which Ibrrocyanido of load or fei'roc 3 ’auido ol (aijiper 
recently ]irccipitatod and iva.shod is 8HS|icnded. continuing tho jiUHsagc of 
tho gas till tho solution contains an oxcosh of it; tlam adds a sullicicnt 
quantity of forrocyanide of toad to rotuovo nearly m.11 thn (ixces.s of 
sulphuretted hydrogen, which woiihl spoil tho ulr-))uin]); filtors cjuickly; 
and evaporates the colourless liquid in vacuo.—As the ferrocyanidos of 
load and oojipcr always retain nioro or less ferrooyanido of jiotassinm, 
oven after long washing, they do not yield pure ferrojirus.sic acid, (ffay- 
Lus.sac .)—!>. Fcrroprussic acid may bo ])rccipitatod from its a([ncouK 
solution by tho addition of a small quantity of ether; and thus the 
evaporation of tho solution, during ivliich it i.s dillicnlt to exclude tho air, 
may bo dispensed with.— a, Forrooyanido of loa.il is dccompo.sinl by snl- 
phurotted hydrogen or sulphuric acid in jivcaouce of wabjv; the (iltrato 
agitated with a small quantity of other, and set aside till tho forro- 
prussio acid separates in tho solid state; the ru^niil removed Iiy nuian.s of 



left to cool in a closed vessel; agitated with hydrochloric <acld also freed 
from air by boiling, and afterwards with ether; the process continued as 
in a, excepting that the solid acid collected on the filter is dissolved in a 
small quantity of alcohol (to which a very small quantity of sulidiuric 
acid may bo added, to remove any potash that maybe present); the 
syrupy solution filtered if not quite clear; and the forroprussic acid 
separated from it by ether; then washed, as in ce, with ether and alcohol, 
and afterwards pressed and dried in vacuo. (L. Posselt, Ann, Fharm. 
42; 163.)—This method is also preferred by Berzelius. 

Properties. When prepared by (4), it is milk-white, opaque, and 
amorphous. Eeddena litmus, tastes agreeably sour, anil afterwards some¬ 
what rough; inodorous, provided no decomposition takes place. (Berze¬ 
lius.)—Crystallizos, when the aqueous or alcoholic solution is loft to 
evaporate freely, and according to Porrett (2), in cubes; according to 
Bobiquet (3), in white, very sour, inodorous, probably tetrahedral 
crystals; according to Berzelius, when obtained by spontaneous evapora¬ 
tion of the saturated aqueous solution (4), it crystallizes in hydrated, 
apparently four-sided prisms, united in tufts.—The acid obtained by (5), 
5s a yellowish or sometimes bluish white powder; but if a layer of ether 
ho placed on the surface of its aqueous, or better of its alcoholic, solution, 
the acid separates at tho surface of contact, in soft, snow-white, pearly 
laminffl. The concentrated aqueous solution, evaporated in vacuo, yields 
yellowish, tolerably hard, crystalline nodules. (Posselt.) 

Posselt. 





a. 

h. 

Or: 



6 C . 

... 30 .. 

.. 33'33 .. 

.. 33-50 .. 

.. 33-23 

2 HCy. 

. 54 .. 

.. 60 

3 N . 

... 42 ... 

,. 38 80 





Fe. 

... 28 ... 

.. 25'U3 .. 

.. 25-08 .. 

25-22 

FeCy. 

. 54 .. 

.. 50 

2 II . 

... 2 ... 

185 .. 

.. 1-84 .. 

.. 1-99 



CWFolP. 

... 108 ... 

,. 100-00 



2HCy,FeCy.... 

108 .. 

.. 100 


Tho ferroprussic acid a, analyzed by Posselt, was dried in vacuo at 
the medium temperature; b, at 100°, at which temperature it sullerod no 
decrease in weight. These analyses confirm the views of Gay-Lu.ssao 
and Robiquet respecting the constitution of the acid. Berzelius formerly 
supposed it to contain IHO more, according to which supposition it 
would be regarded as FeO,3HCy or 2TICy,FoC^-l-Aq. Gay-Lussao 
was the first who regarded it as a hydrogen-aoid (PeCy^jH-) of the 
unknown radical '^QCj‘—Cyaiioferre. 

Pecompositions. Ferroprussic acid, when kept from the air, remains 
unaltered for a long time at 100°, till it gradually evolves anhydrous 
prussic acid, and loaves protocyanide of iron. This decomposition takes 
place more quickly in a stream of carbonic acid ga.s, or at a temperature 
much above 100°; when the heat is raised somewhat higher, the cyanide 
of iron likewise suflfers decomposition. (Posselt.) Robiquet obtained 
anhydrous prussic acid, and a yellowish-brown, non-niagnetic residue, 
which did not blacken when exposed to tho air; gave off hydrocyauio 
acid when heated, together with a mixture of 1 vol. hydrogen and 2 vol. 
nitrogen, and left a residue of iron am! charcoal, which did not give up 
any iron to aulplmrio acid, but when treated with potash, gave off am¬ 
monia, and formed a very small quantity of forrocyanido of potassium, 
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Berjicliiis’s forroprusaic acid, dried iu vacuo, and then heated, first 
gave off anhydrous prussic acid, and then carbonate and hydrocyanato of 
ammonia, and left bicarhide of iron. ^ Rammelsberg {Poga. 83, SO) 
obtained water and hydrocyanic acid, together with a residue of proto¬ 
cyanide of iron, which at a higher temperature was resolved into para- 
cyanogeu and a compound containing O^N^Fe’^. IT —2. The aqueous 
solution of farroprussic acid gives off hydrocyanic acid when boiled, and 
deposits white protocyanide of iron; but long boiling is required to com¬ 
plete the decomposition. (Berzelius.) According to Porrett, the same 
decomposition likewise takes place under the influence of light.—3. The 
dry acid remains unaltered in close vessels; but when exposed to the air, 
it gives off hydrocyanic acid, first becoming greenish, and afterwards 
being converted into prussian blue; iu a similar manner, the aqueous 
solution deposits prussian blue when exposed to the air. (Berzelius.) 
Probably thus: 

14C"N3PeH2 + 40 = 2(C«Ni'Fe3,2C‘N3F<r!) + 24C5NH + 4HO. 

The acid, when perfectly dry, remains unaltered in the air for a consi¬ 
derable time. (Posselt.)—4. With most salifiable ba.ses, aqueous hydro- 
ferrocyanic acid immedi.ately forms ferroprussiates, hydroferrocyauates, or 
ferrocyauides; 

C»N5FeH2 + 2MO = C^N^FeM^ + 2 HO. 


From carbonates and acetates it expels the acid, even without the aid of 
boat. (Porrett.)—It oven decomposes tartrates and oxalates. (Posselt.) 
It likewise throws down protocyanido of iron from the protochlorido, and 
prussian blue from the sesquichloride (Dobercincr): 


and, 


0>R3FeI-I2 + 2FeCl = + 2HC1; 

3C«N3FeH2 + 2FeaCF = C«xN3Fo»,2C'’N3Fc2 + CHCl. 


On mercuric oxide, ferroprussic acts only when heated, the two bodies 
being then resolved into cyanide of mercury and protocyanide of iron, 
which latter is then further oxidized by the excess of incrcuric oxide, 
the mercury being at the same time reduced to the motallio state 
(Posselt): 

3C"N3FeH= + 6HgO = OC^NUg + C^N^Fe^ + GUO. 

Hence it appears that the cyanogen in the form of prussian, C“N'’, is not 
capable of combining with mercury, such combination being possible only 
wlien the cyanogen is in the simple state of C^N. 

Comhinaiions, a. Ferroprussic acid dissolves readily in water, form¬ 
ing a colourless solution if tho water has been thoroughly freed from air 
by boiling. (Berzelius.) Tlie concentrated solution is a transpai’ent and 
colourless syrup, and likewise forms prussian blue when exposed to the 
air. A small quantity of ether causes the solution, if not too dilute, to 
eoagidate in a thiekish mass, from which the hydroferrncyanic acid sepa¬ 
rates.— b. The acid dried iu vacuo dissolves in oil of vitriol, forming a 
colourless liquid which does not smell of hydrocyanic acid; this liquid, 
when exposed to tho air, absorbs water, and solidifies into a white 
crystalline compound of sulphuric and ferroprus.sic acid, which is per¬ 
fectly soluble iu water: and in this solntiou the ferroprussic acid sufl'ers, 
oil exposure to the air, the same decomposition that it would undergo if dis¬ 
solved in water alone. (Berzelius.) Alcohol also dis.solvea ferroprussic acid 



readily and without colour (Rohiquet)j and ether throw’s it clown from tlio 
alcoholic solution (Possolt.) 

PuoTOGYANinii OF Iron, or Feruoos Cyanide. —C'ls’^Fo^ or FoCy.— 
jE(»enc(/a/iar (Berzelius]; A'rcO£-^fl»i«s«i (Liebig). 

When a<iueous cyanide of potassium is mixed with a ferrous salt ii’ee 
from ferrifi oxide^ a light red-brown preciiiitate is obtained, which dis¬ 
solves in acids. The composition of this precipitate reepures further 
investigation; but it is, perhaps, the true protocyanide of iron, C^NFo, 
whurea.s the lighter-coloured substance here to ho considered, which is 
insoluble in acids, is prusside of iron, G’N'^Fch From an aejneous 
solution of acid ferrous carbonate, hydrocyanic acid throws down a 
greenish cyanide of iron, which turns blue on exposure to the air. (Schoolo, 
Opiise. 2, 164.) 

]. Wlien ferrocyanido of animoniura is carefully heated in close 
vessels till all the hydrocyanate of ammonia is volatilized, this compound 
remains in the form of a greyLsh-yellow substance (or grceiiisk-yollow, 
if the air has not been completely excluded). May be kept undccouiposcd. 
When more strongly heated in contact with air, it turns brown, and is 
then converted into black biearbide of iron, rvliioh, at a still liighor tem¬ 
perature, exhibits a glimmering ligbl, and if licated in the air, burns like 
tinder, and is converted into an equal weight of ferric oxide, boeauso 
Ij.Spts. of oxygen take the place of 2.6 pts. of carbon. (Berzelius, 
Sc/iw. 30, 28.) 

2. Pure Prussian blue in a fine state of division, enclosed in a bottlo 
with sulphuretted hydrogen-water, is converted into yellow, shining, 
crystalline granules of protocyanide of iron, which again turn blue on 
exposure to the air. (llobiqnet.) Berzelius obtained by this process 
merely a white mass, which yielded ferroprussic acid on being tre.ated 
with water, 

3. On boiling a solution of ferroprussic acid, white protooyanido of 
iron is deposited ^Berzelius.) 

4. Ferroprussic acid heated in an atmosphere of carbonic acid to 
100° or very little liigher, leaves a residue of protocyanide of iron, which 
however is likewise decomposed at a few degrees above 100° (L. Possolt, 
Ayin. Pharm. 42, 166.) 

.5. Aqueous ferroprussic acid, heated with mercuric oxide, forms 
cyanide of mercury and white protooyanido of iron (Possolt.) 

Protocyanide of iron dissolves in aqueous alkalis, forming a compound 
of 1 At. cytmide of iron with 2 At. cyanide of the alkali-mctal, while 
2 At. protoxide of iron remain: 

CONSFeS + 2KO = CWPenc* + 2FeO, 
or, 

3FeCy + 2KO = 2KCy,FcCy + 2FeO. 

Boiled with strong hydrochloric acid, it gives ofif hydrocyanic acid; but 
by dilute hydrochloric or sulphuric acid, it is neither dissolved nor 
decomposed. 

PBatROCYANIDES.'—C“N®PeM°.— Fei-roprussiaies, Bydroferroevanatea Eisen- 

(G«y-Luss»c)^ in-^the hydrated Ttate i 
hydrocyanaU, Erchfaoh llauaaure Sahe, 
matrntre Eiamozyditldoppelsalze, Eydrocyano/erralea (Gay. Lussac). 

whilom regarded: 1, As Prussian, C»N»H^ in 

Which IH IS replaced by Fe and 2H by 2 At. of aiiotbor metal.—2. As 
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compounds of ] At. protocjaiiiJo of iron with 2 At. of another cyanide: 
2MCy,l''oCy.—3. As compounds of 1 At. fcrrojinissic acid wiili 2 At. of 
a mot'illic oxide mimis 2 At. water. The ferroprussio acid is horo 
I'ogiu'dnd as a bibasio hydrogon-aeid, in wbicli 2 At. liydrogcn may bo 
roplacod by 2 At. of a motal.—4. Ju the hydrated state, also, as com¬ 
pounds of 1 At. hydrocyanato of ferrous oxidu with 2 At. liydrocvanato 
of anotlior luotallio oxido; e. g., 2(KO,I-ICy)-)-li'cOjIICy. 

Tho foiTocyanidcs of the alkali-metals aro obtained by nontralir.ing 
forroju'nssic acid with caustic alkalis or alkaline carbonates; by dis¬ 
solving protooyanido of iron in aqueous solutions of alkalino hydrooya- 
natos, or in a niixturo of alkaliao carbonate and hydrocyanic acid; by 
treating protocyanido of iron, or a niixturo of that compound with tho 
Bosqnicyanido (prussian bluo), witli an nquoous alkali, wheroby protoxide 
or sosquioxido of Iron is formed; or by treating protoxide of iron witli 
tho aqueous solution of tho cyanide of an alkali-metal, in which it dis¬ 
solves witli formation of alkali. Tho insolnhlo fori'ocyanido.s aro obtained 
by jireoipitating a aolublo oyaiiido with tho solution of the salt of an 
oarth-niotal or a heavy motal: e.g., tlio coppor-compound {Scheme 56 
and 57); 

2KCy,EcC;y + 2(CiiO,SO=) = 2CuCy,li'eCy + 2(KO,.SOi). 

Tho forrooyaniclos of tlio alkali-motals iiro colourless in tho anhydrous, 
but yellow in tho liydrntcd state; tlicy oxort no action on vogotablo 
colours, have a faintly salino and bitter’tasto, and do not exhibit Ibo violent 
notion of hydrocy:uiic acid on tho animal economy. Tho ferrocyanidost 
of tho oavth-motal.'i aro white; and among those of tho heavy niotabs some 
aro white, while other,s aro di.stiuguishod by bright colours. Hence tho 
use of alkalino forrocyanidos to discover the prosouco of titanium, tan¬ 
talum, molyhdoiiuni, uraniuni, iron, cobalt, niclcol, and copper; but anti¬ 
mony, tollurimn, platinum, rhodium, and iridium are not procipitatod by 
nlkiilino forrocynniilcs. 

Those forrocyanidos which are deprived of all tboir wntor by a gentle 
heat, aro docomposod at a liighor tomporaturo in tho following manner; 
Tho cyaiiido of iron is always convortod into carbide of iron, with ovo- 
lution of iiitrogcu gas; but tlio other cyanide which is as.sociatcd with 
it, either rciiiains uiidoconipo.sod,—wlilcli is tho caso with cyanido of 
potassium,—or i.s resolved into iiitrogon iiiid a inotiillio carhidc, as witli 
C^'iiuido of load; or into oyanogoii gas and iiiotnl, as with cyimido of 
silver. If, however, tho foiTocyanidos arc not r.omplotcly dehydrated 
before being subjected to dostructivo distillation, tlioy give oil' hydrocyanic 
acid, oarbonio acid, and ammoiiin, and leave the two metals, oombinod or 
mixed with a greater or snmllov quantity of cavlion. In the oirenit of the 
voltaic battery, tho aqueous solutions of tho alkalino Ihrrooyaiiidos yield 
alkali at tho negative polo, and hydrocyanic acid and prussian bluo at 
tho poflitivo jiolo, uiiloss the positive polar wiro is of copper, in which caso 
the deposit tlicro formed consists of oyanido of copper. (Porrett.) When 
ferrocyanidos aro boated with oil of vitriol to a tomporaturo much above 
lUO', they givo oir, with strong clforvoaconoo. sulphurous acid, carbonic 
acid, and nitrogen gases, and leave a compound of sulyibiiric acid with 
amiiioiiiii, protoxide of iron fsosquioxiilol], and tho oxide of the other 
metal. (Bur'/olius.) Besides the gases just inoiUiouod, a largo quantity of 
carbonic oxido is evolved, and a small quantity of suljiliato of ammonia 
volatilizes. (Hunaou, Po<jg. 34, 132.) TUamsim l^Schw. 2('>, lUIO) olitaincd lliB 
cnrboiiio oxiilo evolved in tlioso decompositionB, but from the c.vperinionts which liis 
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made w\tE R. l>e regarded it as a hydrogenated oxide of oarbon.—TIiO strongor 
acids witiulraw the other metal from fcrrocyaiucles, and thereby separato 
forroprussic acid: ' 

2KCy,FeCy + 2S03 + 2HO = 2IICy,FcCy + 2(KO,SO’). 


A similar efi'oet is produced by sulphuretted hydrogen, if the other metal 
bo precipitable from its solutions by that reagent; 

2PbCy,PeCy + 2HS = 2HCy,FeCy + 2PbS. 


Neither alkalis nor sulphuretted hydrogen decompose the cyanide of iron 
contained in fcrrocyanides. 

Most ferrocyaiiidcs unite in their entire state with oil of vitriol, 
forming a kind of salt, in which they constitute the base. Their powder 
soaked in cold oil of vitriol swells up to a pasty compouiul, with loss of 
colour, and considerable evolution of heat, and, according to the nature of 
the metal present, either dissolves completely in a large excess of the 
acid, or remains almost undissolved, forming a solid compound with it. 
Theso compounds remain undecomposed even at tompcratiiros much 
above 100^ If a small quantity of water he added to the I’osnltiiig 
solutions, t.g., by exposing them to the air, they frequently deposit a 
crystalline compound, which contains less sulphuric acid, and when 
treated with a larger quantity of water, is I'osolvod either into forro- 
prusaio acid aud a compound of sulphuric acid with the other mctallio 
oxide, or into metallic ferrocyanido and dilute sulpluiric acid. (Boi’koUus, 
Sekw. 30, 35.) 


Intermediate Compounds of Cyanide or Frusside of Iron, which may 
he regarded as cojnpoimds of Ferrotis and Ferric Cyanide and Water, in 
various proportioiu. 

xC«N3Fe3, yCHNSpc^ + zXlO. 


These compounds, considered in the anhydrous state, aro nualogoiia 
the several varieties of ferroso-forric oxido. They cannot, howovor, 
be obtained free from water, wbioh indeed they give up but |')artially 
even at the temperature at wbicb they begin to decomposo. Eithov all 
the water is intimately combined with them as water, or part of it by its 
constituents only; so that these bodies may be regarded as compounds of 
hydrocyanate of ferrous oxide with terhydrooyauato of ferric oxide, nml 
olten also with water in its entire state 

=^8 C«NTe^ and ferric cyanide as 
ki\bf^ntti of <*e nucleus-theory involves the difficulty, that, 

a the latter compound, 1 At. of the nneleiis is wanting, and novoHholcss 
the compound is not removed into another series To oWto this 

tSKatrS two Jitfoi'ont atomic 

as/“roiiFo corresponding to tho protoxide it outers 

Cu^Tuf re ptoffing 

pSp’oLd fhat the formula Cwfl 
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so (Icoply into tho very foiuulatious of tlio atomic theory, shall bo siip- 
portoil by 0 til or considerations pp. 173, 174), it may sullico to 

admit, as wo have already done 141 the oaso of cyanogen, that in cortiiin 
peculiar cases, a nucleus may continno to exist, oven when one of tho 
atoms Mocossary to its conformation is defieiont, without being transformed 
into a compound belonging to another sorioa. 

It was long ago noticed by Scheolo (Opuse. 2, 174) as somewhat re¬ 
markable that hydrocyanic acid does not prccipitato green vitriol, and 
that novortholcss prusaian blue [as well aa protooyanido of iron] is not 
decomposed by dilute sulpluiric acid. This circiimstanoo is favourable to 
tho supposition that in tho formation of prusaian blue, or of protocyauido 
of iron, cyanogen C“N is converted into jrrussian and in this form 

outers into more intimato combination with tho iron. Hydrocyanic acid 
does not throw down prusslan bluo oven from forroso-ferriu acetate 
[Dullos, Ka&in. Arch. 14, 94, maintains the contrary], but gradually jjve- 
cipitates it, .after producing a green turbidity, from a mixture of forroso- 
ferrio suljiliato and acetate of soda, oven if this litpiid bo slightly 
acidulated with acetic .acid. It has already boon mentioned that, according 
to Scheolo, a mixture of hydrocyanic acid and ferrous carbonate yields, 
whon exposed to tho air, lir.st a green and then a blue prccijdtato. 

To those hydrated compounds of ferrous and ferric cyauido belong, 
Prussian bluo A, Prussian bluo 13, and Prussian green. 

Prmian Afwc AC»NHi’o^C'’N’Fo» + HO = 3PeCy,Po'Cy= -h xHO. 
Hydrated ‘peymmU (\f Iron, —Altliougli Uiia blue is called in Ejiglaiul by the name of 
TurubnU’s Jltue, I cuiniot ngveo witli Willianison {Atm. P/tarnt. 57, 234) in regm-diiig 
Turnbull na its ilisoovcrer (cump. ScJiw. 34, 343). 

Formation. 1. By precipitating a ferrous salt with forrioyauido of 
potassium: 

C"N3K^C«NaFe5> + 3FeCl = C''‘N»Fe»,C“N»P + 3KC1 1 
or, 

3KCy,Fe7Cy» + 3FeCI + 3FoCy.Fc=Cy3 + 3KC1. 

The prccipitato carries down witlr it a portion of tlio forricyanidc, and 
consequently tho wash-water acquires a bluish green colour, hy dissolving 
ferrioyanido of potassium, and through its medium a portion of tho 
bluo precipitate. (Gay-Lussac.) Even when tho acjuoous solution of tho 
forricyanido of potassium is ailded drop by drop to excess of ferrous 
chloride, and the prccipitato washed with hot water, it still retains .'i por 
cent, of potassium. {Vid. infra, Analysis 1, «. Wiihlor & Vblckcl.) 
Whon solntiou of groon vitriol is added to oxco.s 8 _ of forrloyaiiido _ of 
potassium, and tho prccipitato carefully waslicd^ out ol ooiitaot of air with 
boiling water, by H liich it i.s not decomposed, it still retains more than 
5 por cont. of potassium. ( Vid. infra, Analysis 1 , (i.) But if protochlorido 
of iron in excess bo precipitated by forricyanido of potassium, ami tlio 
precipitate digested for some time witli tlio mpioous protochlorido, tlio 
whole of tlio potassuiin may bo extracted from lb by boiling water, (^Vid. 
infra. Analysis 1, 7 . Williamson.) If tlio prccipitato obtained with 
forricyanido of potassium and excess of greon vitriol freo from ferric oxide, 
bo washed, and then shaken up, while still moist, with wator and a few 
drops of forric ohlorldo, it will not take up any iron from thut coni^ioiiiul. 
(Gm.)— 2 . Tho bluo prooipitato wliicli ferripriissic acid prodiicos with 
ferrous salts has probably tho same composition.—3. When an aqueous 



436 METHYLENE: SECONDARY NUCLEUS C’NII, 


resulting green precipitate, conaisting of fovric cyanido []>vuHaian grcoiil] 
and a small quantity of cyanido of potassium, is Imilod for aomo timo with 
excess of sulpliuric acid—which convarts a portion ol the ('yiuiogou into 
ammonia—and then thoroughly washed, asimilar hhu) compound l■(>mainH, 
(Williamson.) This blue is regarded by Williaimson as a [loculiar com¬ 
pound; but, according to his own analysis (U). it iippears to tm idi'iitical 
with prussian blue A.—”4. Whether the blue piccipiti.il.o \\ Inch ^l.ho 
brown aqueous mixture of a ferric salt with lerricyaiiidc of pota.s.siiim 
yields on the addition of sulphuretted hydrogen, sulphurouH acid, ami 
otlier substances capable of giving up hydrogen to part of tlio cyiinogcn, 
be Prussian blue A or B, is a question not yet decided. In the foruiur 
case the equation will bo; 

aFe’Cyfl + 211 = Po“Cy« H- lUFoCy''; 

in the latter: 

-tFe=Cy3 + 2H = Fci'Cyi' + n-"FeCy''. 


That the acid produced in this decomposition is not hydrocyanic, hilt 
hydroferrocyanic acid, may be concluded from tbe fiiot tliat, at ordinary 
temperatures, the blue mixture does not give olf liydroc.yanic iiohl till lifter 
several hours, but evolves it inimodiatoly, if heated over the watcr-lxitli.— 
5. A ferric salt mixed with ferrous salt forms, witli fcrroeyiuiidn of 
potassium, a violet-blue precipitate of mucli finer oidonr Umn that produced 
by a pure ferric salt. In the former case porluip.s the ])i'ecipitiLti) coiiHists 
of Prussian blue A; 


2K2FeCy3 H- PeW = IVCy" -I- -IKCI. 

According to this equation, iFoCl should ho mixed with IFc’Cl® to jirn- 
duce this finer blue A.—Liebig states {Pogrj. 24, 3C-I) that in eoninmrco 
there occurs a peculiarly beautiful coppor-colonrod prussian blue, which is 
prepared by dissolving 11 pts. (4 At.) of green vitriol in water; inixing 
It with hydrochloric acid and a qaantity of chloride of lime .snllicicnt to 
convert the whole of it into ferric salt; then adding 11 parts (4 At.) of 
unaltered green vitriol; precipitating the mixture with 20 pts, (nearly 
5 At.) of feiTocyanide of potassium; washing tlio procipitato (I times witli 
water; stirring it up while yet moist with gum-wator; and limtly, lircssing 
. drying by heat. The proportion of ferrons salt used in this process 
IS somewhat greater tlian that which the preceding calculation shows to 
be required for the formation of prussian bhio A: 

4(Fe0,S03) -s 2(Fe20=',3S0“) -h ilCFcCy^ 


]0(rCO,9O''') -I- FoUC'yia. 

chlllrirTf Vn tliat an oxidising action is exerted by Iho 

Si S.t m will appear 

russtn blue A approaches pretty nearly to imro 


oopMr'reT"fW6hler^n4"v^-^7l'? "'‘Ib iH'gO of 

pper red. (Wohler and Volckel, Ann. Phai-m, 35, 850,) “ 
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Pi'ussiau bliio A yiolilH, whon dccompoacd, 2^ times as much ferric 
oxide as tlio forricyiuiido of jjotassiinn used in its production, inasmuch as 
the latter contains 21i’o, and the prussian blue produced from it contains 
5.li'o. (Gm.) 

The blue containing potassium must bo regarded as a compound 
of I At. fcrricyanido of potassium with i At, prussian blue A = 
(!iKCy,Fo'‘Cy’') + 4(3FoCy,l'’u'“Cy^). (Wohler & Vblckol.) As Williamson 
found, in hia blue (1, /J,) a smaller quantity of potassium in proportion to 
the iron, it follows that this compound must have contained loss 
fervicyanido of potuasium. 

l‘rusaiun blue A givo.s off hydrocyanic acid, oven wlicn dried in the 
iiir by the aid of heat, and thereby bocon)C.s mixed with aesquioxido of 
iron. (Williamson). The evolution of hydrocyanic acid is somewhat 
dilllcult to uuder.staud; the formation of ferric oxide is more easily seen, 
the blue A being at the same time converted into B: 

Of'o’Cy -I- 30 = -iPo'Cy'' + Fo’O'b 

When recently precipitated it is decomposed by aqueous oaustio pot¬ 
ash, or its oarbonato, into forrocyanidc of potassium, and forroso-forrio 
oxide, l''o“0*, which separates out. The iron in this oxide is to that in 
the forrocyauido of potassium produced at tlio same time, as 1027 : 1077, 
or as 3 ; 2 (Williamsou); 

SFcCy.VcaCy'' + -IKO = 21CAroC>" + Fu“0'. 

By this reaction, priiRsian blue A is distinguisliod from prussian blue 
Bj for the latter wben treated with potash loaves ferric oxide. 


JMmian Dine B. C‘'N W,2C“NW-|-xHO = 3li’oCy,2Fo=0y’ xHO. 
Uydreted i-ei/aiiide f/ Iron, Pure ordmiiri/ Pritssian bine, Parix blue, Uevilxserles 
Ni'mmehmld.Cj/autdmi, Dhi'ni'ijmiilr-Ci/atiid, Perraciianideism, rcinex gewiihnlkUcs 
lUHincrblau, Parixerblan; and wlicii mUt-d willi hydnito of alumina, white clay, &c.— 
C'uumwn Pnmian blue, (/cmeincs Jterliiierblau. 

Formation. 1. By precipitating a ferric salt with forrocyanidc of 
potassium : 

;i(2K:(:y,FuCy) + 2Fe=CF =• CKCl + 3FeCy,2Fo’Cy»; 
or 

’ 3C»Nn''clO -I- 2Fe=Cl“ ■= CIvCl + C"N'''Fc^2C"N‘'Fe'!; 

or Avith ferric sulphate : 

3(;«)S»FcK'^ + 2(Fe-0“,3SO») = C(KO,SO") + C''N^Fo«,2C"N''Fo'>. 

3'bo liipiid remaining above the precipitate is neutral._ (Borzolius.)—The 
solution of forrio oxido in organic acidSj likowiso yioldfl prussian bliio 
with forrocyanldo of potassium, oven if its solution in a volatile organic 
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acid be mixed with such a quantity of ammonia as to ])vo<lnco a liaaic 
salt ^vhich still remains dissolved. It is only when a larger (luantity of 
ammonia is added, sufficient to throw down all the ferric oxide, that tho 
addition of fcrrocyanido of potassium jtrodncoa a dark^ lirown red preci¬ 
pitate, agreeing in composition with tho rcsidiio ^vhi(dl reiiniiiiH afler 
treatin" Prussian blue with ammonia.—If, on tho contraly, u ferrii! wait 
he mixed with a sufficient quantity of a,fixed organic acid, such ns iiialio, 
tartaric, racemic, or citric acid, or of sugar, and then willi surli a 
quantity of ammonia as to make tiio iron-soliition somcwliat hiisic, no 
precipitate will bo produced by fcrrocyanido of pota.MHiuni, or by llio 
further addition of ammonia. Moroovor, ammonia will not ovcm turn 
tho liquid brown, if a sufficient quantity of tlio fixed organic substanco 
bo present.—Baton adding any acid to tho nmmoninoiil niixtnro, ])rnHniaii 
blue is immediately precipitated. Hoiico Tarkirus muvlMlM and Kx~ 
iraeium, martis pomatum, which arc mostly basic oomponnds, iiMiially 
give no precipitate with ferrocyaiiido of potassium. (II. Hose, 40, 

585.)—2. By precipitating a ferroso-forrio salt with oyanido of potinwinm : 


or, 


9C2NK + 3FeCl + = OKCl -I- 


9KCy + 3FeCI. + 2FeCl-’ = OKCI -I- ,lFeCy,2Fc-C:y'k 


If the iron-salt contains a larger proportion of fovrio tlian of fnn'oiis nalt, 
the presence of the latter does not ajipear to alter tlio idiiu'iiclor of llio 
precipitate; but if tlic proportion of forric salt bo too snnill, llio jirocipi- 
tide will probably consist of prnssian Idno A (pp. ddO, lly mixing 

hydrocyanic a.cld with a ferrous salt, tlion with excess of jmtnsli, tiimi with 
e.xocss of Iiydrochloric acid; or first with potusli, then wilJi a rorrimo-ft'rrio 
salt, and then with hydrodibrie acid. In tlio formor case, tlio potiwb, 
together with tho hyclroc 3 Wiic acid and tlio ferrous oxido coiiLiiiik'iI lu 
the precipitate, forms fcrrocyanido of pota.s8ium; and when tliti rosl of 
the precipitate is dissolved by the liydroclilorio acid, tlio NCisqiiidilorido 
of iron thus produced, forms prussian bhio witli tlio forrocyanidii of 
potassium. In the latter case, the potash and tlio liydrocyanio add Hint 
form cyanide of potassium, wliicli then, togothor witli tlio forroiiH o.vido 
contained m the ferroso-ferric salt added, forms fcrrocyanido of poLna- 
snim; and tins again throws down prussian blue from tho solution of tho 
precipitate.—4. By immersing recently prccijiitatcd forroso-fuiTic hydralo 
m aqueous hydrocyanic acid. If tho hydrocyanic acid ho ml,led in 
solution ,8 formed, which, on OTOporation, dopimitH Idno 
and purple rings; on y the latter of these redissolvo in water, luid form a 
purple solution which is converted into prussian bluo by asninl) quantity 
of chlorine, and decolorized by a larger nortlon nfio.. wU , 7 

piu.. i. p„d,;c.d by (V.4^hif. IL"' 


3C'Nspe3 + 2Fe2Cl» = C»N^Pe»,2CiiN''Fo2 + CFeCl. 
e. By mixing fcrroprussic acid with a forric salt: 

3C«N3FeH2 + 2Pe'=Cl» = C«N»Fe», 2 C''N»Ft ,2 + oil Cl. 

3C«NW + 30 = CWPe^2C'>NBFe>l + Fe’Ok 



would bo dissolved by nitric acid, or by a mixture of that acid with 
sulpliurio aeidj oliloriiio produces soluble Fo^CP.—8. By tbo action of 
air, olilorino-wator, or nitric acid, on ferroprussio acid : 

7C»N''>FeIP -i- 20 (or 2Cl) = C''NW,2CWFc2 + 12C2NH + 2110 (or 2IIC1). \ 

In tlio reactions 7 and 8, liowovcr, ^-oyanido of iron may likewiso bo 
formed; e. y., in 8 : 

SCN^FelP + 0 = C'NOFca.CWFc'! + 9C=NH + HO. 

0. By tbo action of cblorino-wator, or nitric acid,,on the white compound, 
C''N»'FoK“,C''N''Fo^ {q. v.). 

Ill all cases in which tbo formation of prnssian blno takes placo in 
prosonco of a jiotassium-compound, tbo prnssian blue takes up fcrrocyanido 
of potassium in a state of intimate union, and in particular abundanco 
when tbo latter is present in excess. Prussian blue containing a considor- 
ablo quantity of forrocyanido of 2 >otasaium, is not soluble in the salino 
Jiipiid in which it is jiroducod; but on decanting this liquid, and washing 
the residun with water, the water acquires a blue colour, which becomes 
contiiiiially deeper as the soluble salts are roniovod, the water in fact 
dissolving tbo greater 2>iii't of the forrocyanide of jiotassinin, and by 
niean.s of it a largo quantity of prnssian blue. Tliis is tbo soluble 
in'us.siiiii blue described by Berzelius and Robiqnet. With a smallor 
quantity of forrocyanido of potimsinm, tho prnssian blue does not dissolve 
in tbo wash-wator, but very slowly gives up to it tho forrocyanido of 
iiotassiiiiii, so that iiltiiiiatcly a residue is obtained, consisting of jjrussian 
liliio free from potassium. 

The fact that iirussian blue carries forrocyanido of potassium down 
with it, apjiears to havo boon first observed by Bcrtbollot. (Crell, Ann, 
179.'), 171; Skdiqw. Ckim. 2, 2.')3.)—When proloclilorido of iron is 
iirooipitatod by excess of fcrrocyanido of potassium, and the liquid, togo- 
thcr with tho white prccipitato (KCy,2FoCy=C“ls^''Foip,C''N“Fo“), loft 
exposed to tho air till it becomes blue, tbo liipiid romains neutral, and 
the blno siibstanco obtained is prnssian bluo, wholly or for tbo moat part 
soluble in water, but not in .salino solutions; hcnco it must bo washed 
with sal-ammoniac solution, and then two or throo times with water. 
From its blno aqueous solution it is not iwocipitated by bojlingq or by 
tho addition of alcohol; but it is thrown down by hydrochloric acid, and 
by many salts, and may then bo rcdissolvod by qmro water. Snlphurottod 
hydrogen j)rcoij)itatcs a black substaiico [sulpbido of iron] from tho 
aqueous solution, and forms fcrrojirussic acid. (Berzelius,ySc/tto. 30, 34.) 

This solublo Prussian bluo alwn.ys contains forrocyanido of potassium. 

In proportion as tbo white prccii)itato turns blno on exposure to air, 
forrocyanido of potassiimi is dissolved out of it by tho _watory_liquid. 
But tbo quantity of potassium-salt which romains combined with tho 
Prussian blue, and rondors it solublo in water, is greater in proportion as 
the oxidation has boon loss complete. Prussian bluo thus constituted, 
still gives up forrocyanido of potassium to pure water, oven after being 
ti’oatod with very dilute hydrochloric acid. To obtain solublo 2 )russian 
bluo, tbo ferrous salt must bo precipitated by excess of forrocyanido of 
potassium; if tho ferrous salt is in excess, tho white precipitate, on ox- 
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posure to tlio'air, is converted into insoluble prusaiaii blue. (Iloliiquot, 

Anv. Chin., rhys. 44, 270.) ^ , i • i e • sii 

When pru.ssi, ail blue obtained by treating scsijmcbloi'iilo (it iron witli 
feiTocyaniilo of potassium, is washed with cold water, tho water wm- 
tinually acejuires a yellow or green colour, by talcing u_p remir.ynindo of 
potassium; hot water is still more highly cofotired iij' it. i Ins olioct 18 
equally produced, whether tho fcrrocyanido ()f potas.siliin in lliu W'squi- 
cliioride of iron was in excess at the precipitation, oxcopting tliat tho 
quantity of potassium contained in tho prociiiitalo is nmeh groiitor in 
the former case than in tho latter. (Gay-Lussao, Ann, Chim. Pliys, 40, 
73; .71, 370.) 

When aqueous forroftyanido of potassium is precipitated by ('xcess of 
sesquichloride of iron, and the procipitato, after an hoiu’’s digostioti, 
washed on tlie filter, sesquichloride of iron pas.^cs thrciiigh (Irst, llion n 
nearly colourless liquid, then a yellow liquid, containing fcrrocyuuidQ 
and fcrricyanide of potassium; hccauso tho water, wiiich ciiiilaiiiH air, 
decomposes part of the ferrocyanido of potassium into fcrricyiinido of 
potassium and ferric oxide, the latter remaining inixcit with tiu) priiHBittn 
blue. If the precipitate be washed till tho liquid which pUM.scn through 
no longer precipitates ferrous s.aU3 or silver salts, n j'OHidiio is obtainod, 
consisting of Prussian blue free from potassium, but mixed with spsqni" 
oxide of iron, which may be dissolved out by hydreclilel'ic aoid It 
appears then that prussian blue carries down forrocyanido of iioliisHiiim, 
even when the chloride of iron is in excess; but tho potuHsiinn-sal 1, iimy 
be completely vcmoverl by continued washing with water, (Ilerr.oliiiH.) 

When ferrocyanide of potassium and sesquichloride of iron nro 
mixed exactly in the proportion required to prccijiitatii tlioni licil.li com¬ 
pletely, and tho procipitato is washed on a filter, a colourless lii|uid first 
passes through; then a liquid coloured yellow by j'crrnoyiuiide of pelM- 
sium and a small quantity of fcrricyam’do; tho prussian blue, iifKirHulll- 
went wa&liing, is free from potassium. (Berzelius, iV/t/- 2.7, 087.) 

Wbon aqueous ferrocyanido of potassium is iiii.xcd with ii. qimiitity of 
sesquichloride of iron not sufficient to precipitate it conqilotely, and tho 
precipitate washed on a filter, tho liquid which first passes tlireiigh is 
coloured yellow by fcrrocyimide of potassium; after wliioh tho wash-wator 
acquires a green and ultimately a fine dark-liluo colour.—l. Tho first 
'i°i,i* throiigli, leaves, on ovaiKiratimi, 

a ai - mass,^ which is soluble in water, soiiaru tes spoil- 

if olilei ido 
c'oiupeund 

C«X3Fe»20«N%pVi ■ Ti.))'':™':';' "7'.^ uHio (CN^FoK’-l. 

that which this fnrm 1 quantity of iron present is, however, loss than 
noLTum m , £ uonsequcntly tho forrocyanido of 

fuinhrourft a .when tho bluo li,|riid which 

and precipitated bv olrnl T H'® evaporated to a small bulk 

cylweTurfmucv^ V " containing forro- 

yields by analysis 3 ^ 1 *-q 2 nt!. '^ud a blue procipitato, whicU 

oxide oTimn ^eonsiuenH^^ of cblonde of potassium and 100 pts. sesqui- 
teocyanide of potasl'u A f 23I.’o, or 2 lit. 

x* "Hr ‘ rcutr 






uli ulo Avaicr -vviiicii rims inrougii is no jonger uaric imt only palo 
bltio, it oxliibits, iil’tor boinp; pt’osiioil between ])npor, the aspect of 
ordinary pnissiiin blue, and yields 23‘52 parts of chloride of potassium 
to 100 ]its. of ferric oxido=.2K : ICFo; this corresponds to the combina¬ 
tion of 1 At. fcrrocyanido of jrotassium with 2 At. priissian blue, which 
requires 2K ; l.^Fo. (norzelins, Pot/g. 15, 395.) 

Wlicn a warm solution of fcrrocyanido of potassium is precijiitatocl 
by excess of scaquichlorido of iron, the mixture kept warm for some 
lionrs, and the jirnssian bine washed as thoroupfbly a.s possible by decan¬ 
tation, it .still retain.s 1 At. K to 27 At. Fo. Tlio greater the quantity of 
fcrrocyanido of qiotas.sium contained in prussiaii bine, the qader is its 
colour. (VVillianiaon.) 

All connnorcial prnasian blue, and oven that which is prepared by 
careful cbomieal i)rocoasos, gives up ferrocyanide of potassium to boiling 
water, thereby coleiiring it grconisli yellow. (Wacb, jSckw, 51, 4'i9.) 

Preparatinn on the large scale. —1. By precipitating a ferric salt with 
less than the equivalent quantity of ferrocyanide of ])otas.sinin, digesting 
tlio precipitate with tlio aiipornatant liquid, and v'asbing it tluirougbly. 
(Vid. Parmnlimi 1, iilso )i]i. .l.'iO.'l lO, respctaiiig tliu dilliciilty of washing all the ferro- 
i 7 aiiid« of )i()lasaiimi out rf tlin pm'iiiitatc.) 

2. By precipitating green vitriol or any other ferrous salt with 
ferrocyanide of pota.s.sinm, and subjecting the white precipitate KFe’Cy® 
to the action of oxidizing agents. According to Gontelo {Pnlylechn. J. 
01, 452), solutions of 100 ]>t8. fcrrocyanido of potas.sium and 80 groon 
vitriol aro to bo mixed at the ordinary toinporaturo; the prooiqtitato 
wasluul wall wiitor, and heated with water to tlio boiling pointj 30 pts. 
of uiU'ic acid, of 28" Bin., and 15 to 30 oil of vitriol, added; and the 
procipitato waslicd and dried by heat. It is customary also to mix it 
witli wliito clay or starch. 

8. Common jiriis-sian blue i.s prepared by the following ]>roccs3, which 
is the oldest. A solution of '1 pt. green vitriol and 2 to 4 jits. alum is 
])rocipitatod by solution of forroc.yanido of potus.siiim prepared in the 
mauiior do.soribod on jmgo 453; and the dark-colonrcd iircc.i)iitii.to, con¬ 
sisting of a mixture of alum, KFo’Cy’, and hydrated sulpliido of iron, is 
■waslicd with cold water, till, by tlio action of tlio air contiiinod in the 
water, the sulpliido of iron is converted into ferrous sulpliato, and washed 
away, ami the KFo^Cy'-' is converted, with loss of fcrrocyanido nf ]iotaH- 
siuiii, into iiru.s.siun lihio. By digesting with ,J jit. diliito sulpliiiric acid 
and snlisoquont wasliiiig, tliis prussiau blue may bo freed, to a certain 
extent, from the greater part of tlio alumina, the basic sul]iliato of ferric 
oxide, potash-,salts, and otlior impurities. (Tumor.) To jiiirify prussian 
blue, it may bo dissolved in oil of vitriol, prucijiitatod thorofrom by water 
and washed, then digested in liydrooliloric acid, and again washed witlr 
water. (Jierzdius Lchrb.) 

'Prcqye.rties. Dark blue, almost black, dense brittle mass, liaving a 
conclioidal, copjier-colourcd fracture. Inodorous, tasteless, and not 
poisonou.s. Very liygroscoinc, so that, according to Berzelius, after 
having been dried in vacuo at ordinary temperatnrc,s, it still gives elf a 
coiisidoralilo (|muUity of water at 13.5''. Prussian blue contamimited 
witli alumina, clay, &c,, is paler in colour, and has a more earthy 
fracture. 



442 


METHYLENE: SECONDARY NUCLEUS C'NII. 


n . 

Dried in vacuo. 
. 108 

.... 19-121 

lUTZl'Iiul. 

39-12 

0 N . 

. 120 

.... 22-3()J 



. 1‘JG 

.... .3I-G9 

... IW'OO 

23-110 

15 HO . 

. 135 

.... 2;s-H9 

lVCy“ + 15HO. 

. .505 

100-00 

... 10()-(i2 

Dried in (he air betieeen 30° 
11! n . 108 

and 40°. 

18-24 

Williiimsou. 

17-17 

0 N . 

. 120 

21-28 

2(l-40 

7 Ffi .. 

. 19G 

.... 33-n 

31-117 

18 HO . 

. 1G2 

.... 27■ay 

28'19 

+ 18110 . 

. 692 

.... 100-00 

98'U3 


Berzelius, previously to analyzing Uio priiHsiiin lijtio propnrod 
bv preciiiitating scsquichloriclo of iron n'ith fi>rriitiymii(ln of piitas- 
siiini, fli'icd it in vacuo over oil of vitriol at thci woiliuni (einjiorutuiO) 
another portion Avhicli "waa dried in vacuo at , yioldcil (fO 14 jior 
cent, of ferric oxide when burnt; lionco it may bo iiiU'rrcfl,^ m uo 
evanogen ^vas glvou off at that tcmportituro, inul tlio f(n’rio fixiih* ol)** 
tainc(l was free from potash, that tho priissitui hliio^ <lri('il lit eon* 
tains atmostlSHO. Williamson, in ovilor to ohviilto eomplotoly tliO 
aflmixture of potassium, prepared tho prussian hluo which lio iinalyzon. 
by precipitating sosquichlorido of iron with I'oiTOiiruHHio acid, and dried 
it in the air at a temporaturo not cxcoodiiig 30''—'tO®, hocaiiMc, evon at 
tills tcmpor.ature, tho odour of hydrocyaiuc acid inliniiilcd iiicifdont 
decomposition. He supposes that Ids compound oontiiinN 20110; but for 
this the quantity of water given by tlio analysis is not miinciciit. I’ovrett 
regards prussian hluo as hydrated forroprns.sinto of I’orrio oxide. {For 
his analysis, md. Seim, 17, 301.) According to tliis view, jiriiHBiiin hluo 
B would bo 2(PG’0’),3(2I-JPcCy^) + J2Aq; and ]iru8nlaii hluo Ass 
Fe0,re’0’,2(H'*PeCy^) + SAq. Prussian blue B iniiy likewiKO ho ro* 
garded as hydrated priissiate of ferroso-forric oxidc=0(l''cO,ll('y),2(l'’eW, 
3HCy) + yAq. In that case, prussian hluo A would ho ~ 3(l'’oO,UCy), 
(Po’0^3HCy) + 6Aq. 

By the combustion of dried prussian hluo, YVioglor ohtalnod 40, 
Tliomson 48, Westrumo 50, Itt.nor 52, Proust 55, and Berzelius, after 
leas complete desiccation, obtained 54'46, but after drying tho Huhstiuioo 
as completely as possible, from 58 to GO per cout. of forrio oxido. Those 
discrepancies arise from the different degrees of dryness and purity of 
the Prussian blue. 


^ Jlecotnposihons. Prussian blue, when suhjoctod to dry didiUcUmi, 
yields, according to Scheele, carbonic acid, hydrooyanato of anmioiiia, a 
small quantity of oil, and a residue of iron; according to Proust, 5 Vo), 
carbonic acid gas to 1 vol. carbonic oxide, besidos hydrocyanic acid, 
hydrocyanate of ammonia, and carbonate of ammonia., but no oil: and 

aZS n! ro Th"®’’ only wlion it is still somowliat warm), 

and liltiimitptv ''^hon boated, hccoiiies palor in colour, 

SiiSc L;Tl I oxido, carbonic acid, 

SSl60“ firs^rvti'T””'"'' tn Berzelius. Prussian blue 

> g pure water; then water with a small c^^uo-utily 
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of Iiyilrooyaimto of ammonia; then wator with a largo quantity of car- 
honato of ammonia; at a boat aomowhat bolow redness, the residue, which 
oonsiata of sosquicarbido of iron, exhibits a bright glow. Vanquolin 
obtainod from j)russian blue, dried as com])lctoly as possible: carbonic 
oxido, bydrooyanic acid, bydrocyanato of ammonia, crystallized carbonate 
of ammonia, and a small quantity of a 3 'ollow oily dejiosit, solublo in 
aqueous potash. Thomson obtainod nitrogon, a combustible gas, which 
ho regarded as a peculiar hydrocarbon, together with water and crystallized 
hydrocya.nato of ammonia. The residue loft after two hours’ ignition in 
a copper tube, is somowhat ])yrophoric, jn’obably from admixture of 
jiotassium, and burns with an odour like that of ammonia. (Thomson, 
Ann. 1‘liiL IB, 217.)—Prussian blue, when carofnlly heated, gives off 
water, and assumes a pale groen tint; its bluo colour is thoroforo duo to 
tho prosonco of watoi'. Tito gas which is afterwards given off on the 
a])plicatiou of a stronger beat, is completely absorbed by potash. Long 
brownish prisms siiblimo in the receiver, and partly dissolve in tho brown 
liquid thoroin conta.inod. These crystals have a strong ammoniacal 
odour, do not yield prussian bluo with forric salts after neutralization 
with nitric acid [why was not a fcrroso-fcrric salt used ?], but form, with 
silver-solution, a procipitato which exhibits tho ch.aractcra of carbazotido 
of silver, iaonioric with tho cyanide {vid. Cydnide of Silver). The crystals 
cannot, thoroforo, consist of bydrocyanato of ammonia [ 1 ], which, more¬ 
over, crystallizes in cubes, and is more volatile. The brown liquid in tho 
rocoivor, which retains a portion of those crystals in solution, exhibits 
tho sanio reactions as the cry.stals thomsclvos, turns turmeric brown, and 
throws down carbonate of baryta from baryta-water. Carbonate of 
ammonia lilcewiso passes over. The rosiduo, if loft in tho retort till per¬ 
fectly cold, does not take fire spontaneously on coming in contact with 
tho air, but while still warm it burns away rajiidly in the air, like gun- 
iwwdor. It may bo regarded as paracyanogon mixed wltli still undo- 
composed prns.sian bluo, which remains umlissolved on digestion with 
diluto nitric acid. Tho solution of tho rcsidiio in oil of vitriol, yields, 
with water, a iirocii)itato of ])aracynnogcn, which, however, is not of so 
pnro a brown colour as pure paracyanogon. (Tlinulow, J. pr. Ghem. 31, 
230.)—2. Thoroughly dried prussian blue takc.s lire when gently heeded 
in contact with air, according to Tboimson, at ‘^O'P, and burns away like 
tinder, giving od' bydrocyanato of ammonia (Vanquolin), or carbonate 
of ammonia (flerzolius), and being converted into ferric oxido. If tho 
prussian bluo contains forrocyatiido of pota.ssium, cyanato of potash is also 
found in tho rcsidno. {JkrzHiusLchrh.) —l’rus.sian bluo, even when gontly 
heated in the air, gives oil' cyanogen in tho form of hydrocyanic acid, and 
becomes contaminated with ferric oxido (Williamson): 

Eci'Cy” + 3110 = 3IlCy + Fu=0-'> + Fe'Cy''. 

Water containing air decomposes prussian bluo very slowly, forming 
paracyanogon ami ferric oxido; but water free from air has no offcct on it, 
oven in very largo c|uantity. (liorzolius, l‘ogg. 25, 38H.)—1 grammo of 
Prussian bluo, aftor being washed with water for 3 weeks, during which 
time 40 ])ounds of water arc passed through it, a]ipcars ([iiito unaltored, 
oxoepting that it has aoquirod a violet tinge; tho ajiox of tho filter which 
does not lio closo to tho funnel, and is consequently exposed to tho air, 
is found to bo Lurnod brown, not from formation of feri’io oxido, but from 
paracyanogon; 1 ]it. of recently precipitated prussian bine digested for 
throe weeks with 1300 pts. of water, and in contact with tho air, tho 
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Tvater being replaced as it evaporates ronmins ni.altorc.l till llio third 
■water oeing ^ ^ greoiiisli eoloitr. (Horzehu.s.)-—'). uVitrtc acM 

and o’/o/ vitriol, heated with prussiaii blue, deeoinpoHO it by giving uj 
nvLpn tn it —4. Ghlorine-walercQuvQVi,a it into a green eomimuiid [pro- 
® that <i;scribcd by Pelou.c, p. 440] which turns blue in w.t 


protochloricle of iron or protocl.orido of tin. Tbo eemimund relains jt« 
■T , _ 0. fr» Tn'PM.-^nrf>- liilf. IH fllVlHill l)lliO flirnilli 


?reen colour after being subjected to iircssure, but is tnrnei! b no again, 
both bv clryiin- (even without tbo aid oi lieiit) and by wiiHliing with 
water ''(Benelius Lekrb.) — cblerido ol lime, heated \vi|.b priis- 
stall blue quickly decomposes it with on'ervoscenco mill iiiniiiilion of n 
brown-red uciitral liquid, wbicli gives a bliio ]irecipiln,to with forroiia 
salts [probably, therefore, contains ferricyiuiido of iiotnssuun], and when 
evaporated, yields crystals of chlorate oi jiotaah formed from the jiotaa- 
siiim in the prussiaii blue. (Liohig, Poyy. 15, 571.) 5. Aiiutious aoIiUioii 

of nitrate of silver decomposes prussiaii hlno, imperfectly^ at mdiiiary 
temperatures, perfectly witli the aid of heat, giving oil' nitric oxidt', mid 
foriiiino- ferric nitrate which dissolves, and cyanide of silver mixed with 
ferric oxide. (Wblilcr, For/ff. 1, 235.)— G. When pniKsiiin hlim ia boiiotl 
with minium, there is formed from the potaa.siiim in the prussiiui lilno, a 
solution of fcrricyaiiido of potassium freo from lead, and a mixture of 
feiTocvanidc of lead and ferric oxide, to^mthor with oxcoh.h iif minium. 
(Berzelius, Jahresher. 10, 145.) — 7. Prii8.sian blue digested witli mercuno 
oxide and water, yields cyanide of mercury, which dissidvcs in a few lioura, 
even at ordinary temperatures, and ferroso-forric oxide: 


ro'’Cy'' -i- 9HgO = OllgCy H- (.lFcO,2Ko-f)"b 

Acconling to Vaiiquelin, the forroso-ferrio oxide tlnis formed rotailiH 
cyanogen, and therefore when dis.«olvod in acids loaves a Himill quantity 
of Prussian blue.—8. The alhalis and magnesia, in prosonco of water, 
decompose prussiaii blue more quickly with the aid of heat, siimotimoa 
however but imperfectly, forming a coin])ouiid of 2 At. cyanido of the 
alkali-metal and I At. protocyanido of iron, and leaving a rosidiio of 
ferric oxide: 

FeTCyf + CKO = 3(K2FeCy’') + 2F6’0-k 


Potash exerts the most powerful decompo.sing action, and loaves fori'io 
oxide free from cyanogen. (Proust, Ittiior, Dorzolius.) In this case, 100 
pts. of Prussian blue, if they contain 15 At. water (p. 442), must ylolil 
ferric oxide and 112-25 crystallized forrocyiinido of luitiisHinm 
(585 : 2 80 = too ; x; and 565 : 3 . 2n'4 = 100 : x). Tlimiieon 

[Ann. Pfnl. ^5, 392) obtained from prussian blue drioil at 00‘’, 37'8 iits. 
of feme oxide and 96'5 forrocyanklo of potassium; perhaps his pnissiau 
blue Lad been previously mixed with ferric oxido liy docomposifcion in 

Berzelius, docoinposos jirussian blue 
ml compound, whioh again 

withDmssian when treated with acids; lime also, whou boilotl 

“‘’a-^Basic compound, but of a light yellow 

Swi’~BreaZnft/ r f than tho oaiiatio 

awr. Bicarbonate of potash, according to Grotthuss (Schw 30 721 

SSl bqutd'frZ'Wh^b''* m’ mbo^ato, Ifli 

fw^ttips. because, in addTtiorto* Jinmediately preeipitato prussiaii bluo 
fa^oaJda dissolved in carbonate it contains 

of ammonia senarates hob/ .-A- hot aqueous solution of 

W <^monia separates sesquioxide of iron. (Wittstein.)-C'ar5o- 
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nale of lime likowlso docouiposos pvnssian blue, 'wlion boiled with it in 
Wiitor (Sohoulo, Guyton-Morveau); also tlio earboncUtfs of bari/la, aironlia, 
and lime, aiulovon enrionnta of nuujneaia. (Jiasln. Arch, 20, 31C.) Betto, 
oil till) coutvavy {Ann. Iduirm. 22, 14S), denies tbie dccomposibility of 
pni-ssiaii blue by tlio carbonates of baryta and strontia.—9. Priissiaii 
blue is not attackod by cold hi/droc/iloric acid in small quantity; wlieu 
boated with that nc.id, it becomes docolovizod, Imt aftcv\va.rds recovers its 
blue colour, ovolvoa a small quantity of hydrocyanio acid, and gives up 
forrio oxido to tbo liydrocliloric acid; it thereby acquires a lighter blue 
colour, and bcconio.s looser in texture, and when afterwards treated with 
potaeli, loaves bydratod ferric oxide, not brown but ytdlow. (llobiquot.) 
By coiitinuod cold digo.stion with excess of highly concentrated hydro¬ 
chloric acid, it bocouios first green and then yollowi.sh, from loss of ferric 
oxido; and if the residue bo washed with the strong hydrochloric acid ns 
long as that aciil continues to dissolve ferric oxido, the ultimate residue 
will consist of forroprus.sio acid (llobiquot): 

I'cl'CyS + GtICl « 2Fc=CU + 3imCy\ 

If the hydrochloric acid solution bo diluted with water before sepa¬ 
rating it from the forroprussio acid, tho prus.sian blue will bo rciiroducod. 
(llobiqnet.)—10. Aqueous solution of aulpkurettcd Injdroijen gradually 
oonvortH prUiSsian blue in closed vessels into white protocyanido of iron 
(Proust), wliieh compound, according to llobiquet, i.s deiiositod in yellow 
crystals. According to Berzelius, prussian blue immorsod in sulphurottcd 
hydrogon-walcr first turms pale blno and then dirty white; tlio liquid 
coutaiiis I'orriipruHsio acid; the white fiubstanco is a mixture of forrous 
cyanide and sulphur; it recovers its blue colour on exposure to tho air, 
being Lhcrehy ^larlly converted into .soluble prussian blue; but both tho 
portion soluble in water and tho insoluble portion are blackened by sul- 
pburoltod hydrogen. Tho otpiation is probably; 

Fo^Cy" + 2U.S == lUFcCy’' + (!Fo.Cy + 2S; 
or, 

C»Nnhi'' + 2C''N''Fo''> -t- 2119 = C'N-'PoIU + 2C<'’N"Fu« + 2S. 

11. Bichloride of copper dissolved in hydrochloric acid iminediatoly 
decolorizes recently precipitated prussian blue. (Proust, A. Gchl. G, .173-) 

12 . Iron or tin liliiigs placed in contact with jii'iis.siau blue under water 
in close vessels, witlnlraw jiart of its cyanogen, and convert it into white 
protocyanhlo of iron.—13. When [iru.s.sian blue is boiled with a polysid- 
phide of potassium, sulpluicyanido of jiotassinm [and sul]diido of iron?] is 
formed (Porrolt), perhaps in this manner; 

.l'V.?Cy" + OXv.S" -=. tlKt:yS''‘ + TcLS". 

Coniliinations. a. Prussian blue innuer.sod in cold oil of vitriol turns 
white, without evolving hyilrooyanic acid or giving up iron; tho addition 
of water, alcohol, or other, restores tho colour, oven without contact of 
air. (llobiquet.) Tho white jnwty mass docs not dissolve in excess of oil 
of vitriol; wlion dried in vaeuo on a porous tilo, it loavo.s a white amor¬ 
phous powder, Ibo Sulphate of Prussian blue, whieli hy contact with 
water is immediately resolved into prussian blue and dilute sulpUurio 
acid. (Berzelius.) 

b. With Awnionia, — Anmtmiaeal Prussian blue. —3(l'’oCy,NIP,IIO)-|- 
2(Fc'‘Gy“)-l-0lIO. Tliis compound is produced at tho commcucoineut of 
tlio aotion of ammonia on prussian hluo, but cannot in that mauuor bo 
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. If c To in’ODiu’o it, a. Holiitinii of luir[i!'iclior 

obtainet lee loni satuviitoil with miuuimia: tlio liMiiitl | wliii 

of iron un.l annuo.nu.n, to,,o(l,..r wid: ox.-o.. 
coiitai ] filtorod into an ii<iiicmiH koIiiLioii of lomii'Viuii.k' 

a>o bo tl.o bnnol dips; nu.l tl.o white nroc 
nitate after being loft to turn bluo in tlio air, w cligo.-,(iMl Iia Homo luiU 
at 60"—80“, with normal tartiuto of ammonia, to dia'io vo Llio forr 
oxide formed during tlio blueing; aitorwards waHlmd with water, ill 
dried in the hot-air chamber. Tho first product lonncd IH white iimiii 
niacal cyanide of iron: 

SK^FeCy^ - 1 - GPeCl -t- 9NIU + UHO CKCl -I- 9(l''rCyNil"d"')' 


and this, when exposed to tlio air, takes u]) 30, gives up (iNIP, and 
converted into aminoniacal prnssian blue and forrio oxide (i\loiillUOis)i 


9(FeC;y,NTP,I-IO) + 30 = Fe7t;y“,3NlP,!)lU) -I- fiN'IU I- fV-0^ 
Blue powder with a tingo of violet. 


Miinllili'i't. 

11 ) a 

areo 

;!•(! 

i9'i 


PctCyO.SNH^OHO . SC2 


The compound begins to give o/T hydrooyanio acid at 100 ', luit rotiiir 
its colour up to ICO", below which tomporaturo no ammonia is ovolvoi 
When heated to rcdncs.s in an open vcssol, it loaves forrio oxide freo froi 
potash. By mcrourio oxido and water it is docum])osoil in a few ility 
at ordinary tomporaturcs, but immcdialoly on tlio npplicatimi of lioa 
Aq^ueous fixed alkalis immediately cause an evolution of ammonia, an 
separate ferric oxido. Aqueous ammonia oxortsa very slow ilocnmiiosiii 
action, particularly slow when it is dilute. Nitrio acid, lujiia-regii 
hydrocbloric and suljihurio acid, act upon Ibis compound im upon priiMsia 
blue; but tho ammoniacal compound withstands their action loiigor ilia 
pure Prussian bluo. It is lilcowiso insoliiblo in normal tartralo t 
ammonia, in which rospect it diflbrs materially from pure prUHsiaii hitic 
(Monthiers, W. /. P/tartn. 0, 20; also J'. jir, Vhem, 3H, 173; absli 
Compt. rend. 21, 435.) 

With ^th of oxalic acid (dissolved in water) pru.Hsiiui bluo foriilB 
beautiful blue solution, which servos for a bluo ink (vid. Oxalic, eicid^ 
It dissolves in aqueous normal tartrate of ammonia, forming a soliitio 
of a beautiful violet colour {q.v.). 

Prussian blue is insoluble in water, alcohol, othor, oils, arid diliit 
acids. ’ 


r, f^“NW,3C»N»Po’-f- 12HO = FoCv« Fo“Cv“+ -lIIO,. 

ofJro/, Jierlinls/rm, ffmr, 
In n?” d/anoken.-VwZvly fJgm 

“aw ^40 r ^ ‘rue i..Hture was first recognize,1 by PcloiiM (Ami. fVd 

<« f^iOTanide excess of chlorino upon aqueous forrooynrii 

Ot testtcyamde of potassium; aucl by leaving forrooyinido of potLiu 














tllfOH. (PoloU/O.) 

Clilorino gas is ))!isso<l in excess tlivongli an aqueous solution of ferro- 
oyaniilo or forricyanido of potasaiiim; the resulting wiiic-rcd solution, 
wliioh has the pouetrating odour of chloride of cyanogen, exjiosod to tho 
air, or bettor, heated to tho boiling point; tho precipitated green powder 
colloetod, and boiled with 8 to 10 ])avl8 of strong hydrocbloric acid, 
which dissolves any accidentally admixod ferric oxide and decomposes 
the Prussian blue, till a rdtoved sample no longer turns blue on being 
mixed with water. Tho rosidno is thou washed with water, and dried in 
vacuo. (Polouzo.) 

Green, light, tasteless powder, 

Calculalion, according to I’cloiizo. 


8 C . 


21-.I3 

-IN. 


23-00 

3 Ffl. 

. H4 

37-30 

-1 110. 

.. 30 

le-or 


221 

100-00 


Tlio quantity of water in prussian green dried in vacuo is exactly 
Bulllolout to form forroso-forrio hydrooyamito, or hydrocyanato of magnetic 
oxide of iron = li'uO,IICy+ l'’o’0’,3riCy. (I’elonzc.) 

Tliis oumpoimd gives oil' cyanogen at 180'“, tcgoLliorwlth a small quan¬ 
tity of hydrucyanie acid, a,nd is converted in a few minutes into prn.s.sinn 
blue of a deep violet eiduur. Wben oxiKwod for some lime to tho air, it 
gives ollcyaiiogeii, and is converted into prussian blue. It is dccoini)OScd 
by strong nydroclilorio acid, but not so readily as prussian blue, many lionrs’ 
boiling being required to produce eomploto ducomj)osition; tlio liquid 
then contains protoolilovido and sosowicblorldo of iron. Clilorino also 
dooomposoa prussian groon loss easily than prn8.sian blue. Putiislnloy 
immediately converts it into fovrio oxide, and a liquid cuntaining both 
forrooyaniilo and ferrioyanido of potassium (Polouzo); 

0(l''(iCy,l'VCy“) + lOKO = 0(2KCy,lfcCy) s- 3ICCy,Pc=Cy“ + Dli'cSQ^ 
or, 

2fC"N"rc' + 3C"N''Fa) + 15 ICO ■= CCWKelC^ -l- C"Nnc",C'N'’'Fc-! + DFc^O", 

To this compound discovered by Polonze, tbo following bodlos aro 
likowiso vory probably rolatod : 

1. On passing oliloriuo gas through aqueous hydrocyanic acid, then 
adding potash, al'turwards an iron-salt, and concontrating tho Ibiuid to a 
certain jioiut, a gvcon precipitate in obtained, wbich is turned blue by 
iron, green vitriol, or sul[)hurons acid. It is tlioroforo oxidized liydro- 
cyanaio of iron, (nortluiUet, ^l(Ui<jiie (■him. 2, 2(i3.) To produce tho 
green precipitate, the prussic acid saturated with chlorine must bo mixed, 
first with an iron-salt, then with potash, and. afterwards with an acid; if 
the jiotasli bo added before tlio iron, no groon precipitate will bo forniod. 
(Gay-Lussac,) Brouiido of eyaiiogoii acts like tbo cldorido. Iodide of 
cyaiiogon, oil tho contrary, forms a groon iirooipitato, whetlior it bo 
mixed, first witli green vitriol, tlicn with potash, and then witli acid, or 
first witli potash, tlion witli groon vitriol, and thou with acid. (Sonilhis, 
Ann. Oldm. I'hya. 3.'!, 3-10.) 

2. According to Joims {K. Jlr. Arch. 23, 33), a groon proeipitato is 
obtained by parsing oliloriuo in excess tlirougb an aqueous solution of 
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ferrocyaiiiJe of potassium, and prcoiidtuLiiij^ forrio salU with tlui ilark 
oTPenisli vellow'liquid thus ijrodiicoil. 

^ 3 On boiling iho blue snbstaiico, 1 {I'lil. ui/Vii), with 

nitric acid, a claik green product is fornii'il, conluiiiii)g 2':;-l jht cont. K, 
35’85 Fe,'23'25 C, and 13 45 water. It grmliially liiriiH blue wlioii 
exposed to light- Solution of ])ota.s!i .sopniuli’.s hj-dralfd forrio (t.vi<{o 
from it and forms a brown-rod solution, which gives hlim pri‘oi[dlate?a 
both with ferric and -with ferrous salts, and wlum boileil, titrim pulor, and 
yields hydrated ferric oxide,—a character whieli i.s lilcowisu exhibited by 
Pelouze’s compound. (Williamson.) 

4. Recently precipitated prussian blue afii|iii_re.s a thirk bluiMli-groon 
colour by contact with aqueous sc.s<iuicliloridc of iron. (Ihiluiroiner.) 

But tho following green compound is jirobaldy diUVroiit frmu this: 
There are green mollifications of forrooyauido of aniiiiiininni and forro- 
cyanide of potaasiuni, and when thedr uqtunms hiiIiiIIiiiih aic cvapiimlod, 
a green powder is thrown down. Tho eainn cnmpmiiiil is idilaiiicd when 
hydrocyanate of ammonia, which has doconiposnil and tiirimd hrnwii by 
keeping, is precipitated by a forric salt. Tlic. grcmi jirccipitati! siilijpotod 
to dry distillation, cxiiales a strong odour of enipyrcumalic nil, and gives 
off carbon.ate of ammonia. It is turned hluo by sulphuric nr hyilrnchlorio 
acid, but not by ilcoxidizing substaneos. (nerzclius.) | Is the clniiigo of llio 
hluo colour to green in tho piroparntion of this cimijimind, ('H'cclcil by tLo 
brown matter formed in it from decomposition of tlm hydrocyanalo of 
ammonia?] 

SEadUioYANiDE OP luoN Of PEimio Cyaniiiv!,—(;“N“J'' o’'FoRly*.— 
Anderthalb-Cyaneiscn, F.ismci/anid. ^ 

I. Aqueous solution of forricyanido of potassium foniiH, with sPHOui- 
ohloridc of iron, a clear dark-brown mi-xtiirp, wliieh nniy ho rogardnu m 
a mixture of chloride of potassium and sosqnioyunido of iron: 

K’Fe'^Cjr" + FeW = ;)KCT + 2 Fcdq». 

The solution, if somewhat concontratod, gnulnally hneomoB etivorod— 
more quickly if gently hcatod-wilh a film of pruHsiaii hluo, giving olf 
cyanogen or chlorine gas, accordingly as it contains forrioyaniilo^nf polus- 
Slum or sesquich orido ot iron in excess. Siiliduirptloiniyilrngpii, «ul» 

Mnnect1on“wi-tT‘f‘’‘ '®’' wiH ho mpnimiip.l in 

th^broTn Tioni.f "‘7'""“ “ potassium), instantly throw down from 

(J 4 ). ^ reaction, ierroprussio acicl appears likowiso to bo formed 

fluoride''^of h-on Ind Smn (V^^ttUl 
down iutheformofsilico-fluolideof plt.il 


3KCy,Pe2Cy'' + = aPo’Cy” 


3(I<F,Sil»). 


and harsh taste. It may bo TOncoiilt V'l ‘ J»‘own-yollow oolonr 
but in drying up, it chaneea -ilmnaf spontaneous ovaporation, 

tdius Lehrb.) ^ ontiroly into prussian blue, {/ier- 
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ing to Ittnor) by the byclrocyanlo acid, and on subaequontly dissolving it 
in hydrochloric acid, thero romains a small quantity of prussian bino. 
According to Haidlon & Proaonina, the liquid above tho precipitate con¬ 
tains a small quantity of forrocyanidc of potassium, 

Calculalion. 

fi C . 3G 2S-8G 

»N. 4-> si-:m 

2 Fe. 5G -Jl-80 

Fe^Cy". 13-1 100-00 

Ferric cyanide forms with tho oyanides of other metals, a class of 
compounds which may ho called FuaiiioYANinES or PEiiRiDovANinris 
(Anderthalbcyaneisen-Ci/anmelalle, Ferridcyanide). The two kinds of 
Prussian blue, as well as prussian greon, may also bo iiicliidod in this class 
of bodies. Compounds of forric cyanide with tlic cyanides of the alkali- 
metals, contain 3 At. cj'anide of allcali-metal to 1 At. forric cyauidoj they 
are yollowish red, and form yellow solutions in water. Their aqueous 
solutions form, with tho salts of the heavy metals, precipitates which aro 
oompounds of forric cyanide with the cyanides of otbor heavy metals, e.g .: 

3KCy,Fo’Cy“ -(• 3(l>bO,SO») = 31>bCy,Pe-!Cy-'> + 3(KO,SO“;. 


Hydroforricyanic or Ferriprussic Acid. C"N“l-P,C'N»Fe®= 
SHCy.Fo’Cy’. 

Tcr-hijih'ncymiata qf Fuvrio oxide, lied fwrnpi-usaio acid; Dreifnch hlausaurca 
nimiuxyd, Ji'eiridcyauwasserstuffs&iira (Liobig) i JVaaserslqff'eisencyanid (3ei'zulius)| 
ru(/ie Jimnhluw&urc. 

]. Forrioynnido of load is decomposed by trituration with dilute 
sulphuric acid, tho proportion of which is so adjusted that tho liquid shall 
neither bo clouded by chloride of barium nor precipitated red-brown by 
sulphuretted hydrogen. Tho decanted dec]) yellow solution foniis, when 
carefully heated, brownish needles, which redden litmus strongly, and 
have a rough sourish tasto. If tho liquid bo evaporated to dryness at a 
Bomowbat stronger heat, there remains a residue which, when water is 
poured upon it, dccropitatos, swells up, and is reduced to a dark brown 
powder, without giving up much soluble matter to the water. Tho 
aqueous solution of tho undocomposed compound is brown when satu¬ 
rated, bright yellow when dilute. Whoa loft to itself, or when heated, 
it deposits a pale prussian blue of crystalline aspect; paper saturated 
with tho solution acquires a green colour, from deposition of prussian 
blue. Tho solution prooipitatos prussian blue from ferrous salts, and 
imparts a brighter brown colour to sosquichlovido of iron (by formation 
of sosquioyauido ?). (Gm./SWtw. 34, 343.) 

2. Berzelius {Lchrh.'j throws down tho greater part of the potassium 
from aqueous forricyanido of potussium by adding a quantity of hydro- 
fluosilicic acid not sufliciont to jn’ccipitato tho whole; then adds alcohol 
to ))roolpitato tho undocomposed portion of tho forricyanido; and leaves 
tho filtrate to evaporate in vacuo over oil of vitriol. 

3. F. & E. Hodgors {P/dl. Mag. J. 4, 93) decompose tho saturated 
aqueous solution of 320-G parts (1 At.) of forricyiinido of potassium with 
450 pts. (3 At.) of tartaric acid dissolved in alcohol. It is advisable to 









dark grcou ('(iloiir. 

d. L. I’liHsulfc (^An)i. J'havui, 42 , 17 (i) proceeds in tlio same ma 
hh (ini. Accm'diiif^ tn his HUilnmi'iit, tlio rod-lirowii solution depi 
al'tor Kl'uiulinp: fur Hinno Uino, a lii;;lit,-l)rt)wn cvyslallino powder; it is 
ciLsilv rcduc.i'd liy Hii 1 )>liiii-ous nc.id, by zinc, with liydrocldoric acid, an 
luiatiiip; with oyauido of pntaHHinm; by boiling, it is conpdetoly resc 
into a dark-gream piiwdov' and hydrocyanic acid, the latter csca 
^ IhiHMcdt iiasigiiH to thin groou jirocipitiito, in aocordanco w'ith Ids 

analvMin, llio fiinnula l'VCy^,f!lIO, I’roin which it would follow tin 
the ilccoiniioHitiou which takes phuio on boiling, ilHCy simply goes off. 
i runiains in combination with 3 H 0 . [But a green pownler u 

i SUHtaiitH a boiling heat without decomposition can scarcely be regard' 

s I'VCy", which at least, according to p. 4 - 18 , ia a brown, soluble, c 

i deeomiiOHihlo compound. 3 ’ossoU’a green powder is jicrhaps idcr 

; with 1’oIouzo'h green compound, li’c''Cy'‘, 4 HO, and is formed from Pi 

by boiling, Avitii evolntiun of oyaiiogcn: 3 Po-Cy^—Cy= 2 Po''Cy‘.] 


12 C . 

. 72 

33-I!) 

0 N. 

. 81 

3!l'07 

3 tt. 

. 3 

I'-IO 

2 Fa. 

. 5G 

2G-01 

3U(;y.Po»(y . 


. lOO’OO 



Forrocyanide of Animonium, m- Hydrocyanate of Ferr 
Oxide and Ammonia. 

OWPo(Nir‘)’, 3 irO = 2 Nir'Cy,FoOy + 3 HO= 2 (NI-P,I-ICy) + (PeO,I 


Mrtfuch Ci/aneiiicmmmonium, Ammonium, liiscn-CijnniU'tfi'ilchtiijeis Jilutlmigi 
1. Pruasiau blue is digested with aqueous ammonia, the sol 
flUorod, and the oxcoaa of ammonia loft to volatilize in the air. (Sclr 
TlhiB pi'OooBS yields but a small product (according to Bumsen, notldi 
all), and if tlio prnssian hliio contains Ibrrocyanido of potassium 
Same impurity will bo found in tho product. (Gay-Lussac, Ann. ( 
46,,T9,) The author likowiso obtained nothing but forrooy. 
^ oy tWa process. — 2. Pon-ocyanido of lead is digested 

oat^ttafie of jaLmmo,n5a,,,andthe salt which would bo decomposed by o 
Jattoti,, pce(3lpita.tedi % alcohol, (Borzolins.) Bette (Ami. Fliarm 
120) obtainod, by thlS: ^tocipitafion By alcohol, no crystals, hut a i 
lyhioh sottlod at the bottom of tho liquid; ho tliorcforo thinks it bet 
oyapOrato the aquoous solution. -— 3. This compound is also forme 
tatwating foMoprussio acid with ammonia. (Bovzolius.) Tho very 

squaro-hasod ootohodrons, isoinor| 
Mh lemoyauide of potassium (Fig. 25; e-.i' — 136-' 45'). (Bin 
of nydrocyanio acid and ammonia; its taste is biting and 1 


crystals, if heated out of contact of air, after being dried in \ 
® ^ater and hydrocyanate of ammonia, acquire a greenish ci 

formation of a small quantitv of nVIiaQin.n MnA on/l InoArA DT 


W L, c “7 " r ammonia; acquire a greenisu Ci 

small quantity of Prussian blue, and leave gi 
yaVlor ferrous cyanide, which, when further heated, exhibits the di 
:posltmu8 already menkoBed as helonging to that compound. (Berze 


X 













IIio flry crystals are poniianont in the nir (Bntisoii); they acquire a blue 
colour wlioii ko]it for some tiino in vessels containing air, inoro quickly 
wliou lioiitocl to 40’. (Berzelius.) Tim aqueous solution gives off liydro- 
cyiuiato ol ammonia when boiled, and if tlio air baa access to it, doimsits 
jirussiau blue. (Solioolo, Opusc. 2,158.) Tlio solution mixed with chloride 
of sodium laid left to evaporate freely, yields forrocyanido of sodium and 
a com])ound of forrocyanido of amuiunium with .sal-ammoiuac. (Bunsen.) 
llio salt dissolves voiy readily in water, not in alcohol. 


2 Nir'Cy 
l'’eCy .. 
2 IIO. 


Crystallized. 


Bunsen. 


88 .... 52-07 50-02 

54 .... 31-05 31-93 

27 .... 15-98 17’15 


CWFoAin^-l-SAq. 109 .... lOO'OO . 100-00 

Oreen Ihjdrocyanate of Ferrous Oxide and Ammonia, —Berzelius, by 
digesting Prussian bluo with ammonia, obtained, in addition to the yollovv 
compound just doscribod, a green salt, which so]);u-atod in greou needles 
from tho solution after it had boon cva])oratod to the consistence of a 
syrup; its solution bcoamo brown when mixed with excess of anirnouia, 
but rocovored its green colour wlioii tho ammonia was ovaiioratod, and 
thou do))ositod tho green iiowdor already described (p. 448j, the rest of 
tho liquid retaining in solution a portion of tho green salt stdl unaltorod. 

Jlromo-ferrocyanida of yljftwio?ii«»i.~(2NH''Cy,FoCy) -1- NH‘Br. — 
Soparn.tcs easily from tlio mixed aqueous solution of tho two salts, in wino- 
yoilow, shining, acute rhombohodronB, ponnauont in the air {Fig. 161) ; 
ofton with truucatod lateral edges; r* ; r’or r’=; 105° 15'; : »-''=;75°00' 

nearly. Thoji- doorojiitato whorf*heated, and leave ferric oxido after 
being ignited m tho air. Tlioy dissolve very readily in water, und their 
solution is dooomposod by boiling. (K. Iliinly & R. Bunsen, Fogg. 
38, 208.) 

Chloro-ferrocyanide of Anvnionmm, — (2NII''Cy,FcCy) + NM'Cl.— 
1. Formed by digesting priussian bluo with an aqueous solution of sal- 
ammoniac and ammonia.— 2. By leaving an aqueous mixture of forro- 
oyauido of ammonium and sal-ammoniac to crystallize.—Tho crystals 
obtained by (1) and (2) have a green colour, proceeding from admixed 
oyauido of iron; hence the following method is proforablo. — 3. By boiling 
1 pt. of forrocyanido of jinta-ssium with 1 pt. sal-ammoniac and C pts. 
water, filtering from tho cyanide of iron, and cooling tho liipiid very slowly. 
Tlio roipiired compound crystallizes out first, afterwards free sal-ammoniac. 
Tho crystals of tho former salt, after drying, are separated mechanically 
from tlioao of tho sal-ammonine, thon dissolved in water, and brought to 
tho crystallizing point by evaporation in vacuo over oil of vitriol. 

Wino-yollow, transparent crystals, having a glassy lustvo and por- 
rnanont in tho air; somotiinos acute rhomboliodrons agreeing in form 
with thoso of tho precoding compoinul, sometimes more obtuse rhombo- 
hodrona, arising from truncation of tho terminal edges of the more acute 
rhombs. Frequently also with P-faco and tho o--iaco3 of the aix-.3idod 
prism. Anglos of tho moro acute rhomb; r' : F or r'=105“ 50'; : r” 

=75'’ 38' nearly. Angles of tho moro obtuse rhomb: r' ; F or r®=82“ 54'; 
»•» ; )'“=00° 52' nearly.—Tho crystals dcoropitato violently, and leave 
ferric oxido when ignited in contact with air.—Oil of vitriol dlsongagos 
hydrochloric acid from them; dissolves tho residue at a gentle boat, and 

2 0 2 
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tlion near its boiling-point, cxorts a ili'cmniuiHlng arlion on tlin cvano^au- 
conipouncl. The aciiicons solution of tlio wilt is ri'.Milv.'.l. liy boiling, iiilo 
cvanicle of ammonium wliiiili oscapoH, cymiiiU' of iron wliidi w iimiiiiiliuoil, 
and sal-ammoniao wliifh rmnainH in Holiiliim. It |inH-ii>iliiti'n niotallio 
solutions in tlio samo iinimior iw foi’i'oi-j'iuii.lo of iiotiiwiiimi, tlin wil- 
ammoniac roinaining in solution. Thu suit disHolvox vury ruadily in 
water. (Bunsen, Po(J9- 3C, 409.) 

OrijnltiUizril. 


2 NH'Cy. HH'() .... .T.l'.'i? .... .IH'dl 

FoCy . fil'd .... ''il"~S ■ 

yni 'Ci . fiS' l .... a I'01 .... aS'lil! 

3H0 . 27'0 12-M 


(2NH'Cy,l‘V.Cy),NH''Cl,3H() 222'.l .... lOO'OO 


Feri'icyanide of Ammonium or Jli/diwyanati" of Fernc Oxiito and 
— CNXNHY.CNW-l-GAii^itN'llHly.liVCy f (lAn.—Oh- 
tained by passing clilorino gas through an aqiiooiiH solution of forrocyii.iiiilo 
of ammonium, till, tho liquid no longer forms a hluo prHi'ipitalo with forrio 
salts (which are quite iroo from forrons salts); ova|ioruling tlm Molntiun 
to a certain point; mixing it with strong alcohol; Iciftv'itig tho (lltriito to 
evaporate spontaneously; separating tho rosnlting rod jirimiiH from tho 
yellow cubes of sal-ammoniac wliicli rost upon Ihom; rodissolving thorn 
in water; and leaving the salt to orystalliso by spoiitanoous ovaponitioii. 
(Bette, Jtnn. Pharm. 23, 117.) 

When chlorine gas is passed through aqiioons forrooyanldo of iiniinn- 
niiim, the liquid efforvoscos, and wliito fiimos of sal-amnionino aro Iiiiiihi- 
diately formed; it tlion deposits a rmi iiowdor, hocomos dark rod as tho 
efFervesconce dimiuisho.s, and losos tho priqiorty of forming a hlim pru- 
cipitate with ferric salts. But on ova|)oin.tion,'oven bolow •)()", or oron 
after being kept for some liiuo, tho liquid docompo.si'H, giving oil'cynno- 
gen and depositing a largo quantity of ])riiH.siiin binn. 'rim liqniil lillorod 
from this deposit produces no blue colour with oithor ferric, or forrons 
salts, and contains nothing but sal-ammoniiic ami c.hloridu of iron. ( Kramer, 
J. Pharm. 15, 98.) ICranior prohahly allowed tho clilorino to act in too 
great quantity. 

This salt forms short, ruby-colonrod, ohlhpu) rliomliiii prisms, It ia 
permanent in the air. (Bette.) 

crystals, when kept for 0 hours at 100", lose only 2 per cent, 
Ihe mattOT thus removed consists partly of ammonia, so tliiit, on rmlis- 
solving the residue, a small quantity of priisaian hluo remains hehind. 
At a higher temperature the crystals dooropitato, and leave a inixlnru of 
charcoal and oxidised iron. They dissolve maclii; in water. Tl.i sohuln 
after a considerable time, deposits a procipitato;^it is not procipitalod hy 


alcohol. (Bette.) 


SNH-*. 54 

2 Ee.,.,. 50 

6 Cy . 156 

6 HO . 54 


16-88 

17-50 

48-75 

16-87 


10-90 

16-90 

49-:t,l 

10-81 


320 


100-00 


On 

SNIP. 51 

EuHts . HO 

liCy. 102 

3 no . 27 


13‘Di 

25-00 

50-02 

H-44 


100-00 


320 


100-00 



















Ferrocyanide of Potassium. K®reCy^=C“N=FeK’. 

I’rnxsiale Potash, Fei'roprussiate of Potash, Yellow Prnssiate (f Potash; 
Mbifuch Ctinncismkalium, tvokses Cj/nnemuhnliimi, eisml/lavsa7ires Kali,phlogistisb-tes 
Alkali, ilrofach lilnusatn'es Kali, blavsaures liiscnkali, hlausaims Eisenoxtjditlkali 
l^en'ocyanknlmm, Knlbmieiseiiot/anilr. 

Formation. —Forrooyiinido of potassinin is formed on bringing toge¬ 
ther the following substances: rrotocyanido of iron with aqueous oyanido 
of ])ota.ssinm.—Fcrrojirnasic acid with juiro potash or carbonate of potash. 

■—Ilydralod ferrous oxide with cyanido of potassium, potash being formed 
at the same tinio; 

3KCy + FcO = K-FeCy‘ + ICO. 

Protoeyanido of iron with atpiooua potash, ferrous oxide being likewise 
separated; 

:iFeCy + 21CO = K’FeCy^ + 2FcO. 

rrnsai;iu blue A or 13 with aqueous potash, forroso-ferrio or ferric oxide 
being simnUancously separated.—By bringing conipomuls of ferrous 
cyanide with various other motollio cyanides, in contact with aqueous 
potash; 

CuSFttCy^ + 2KO = K^FeCy” + 2C«0. 

Iron with a(meon.s oyanido of potassium in a vc.ssol from which air is 
excluded, hyd;’ogon gas being ov(dved at tho same time. The action is 
slow at ordinary toiiipomtures, but takes place more quickly at boiling 
ho;it (Geiger, Ann, I'lutrm. 1, (10): 

Fo -I- -IKCy + no = K=FcCy'' + ICO + II. 

If tlio air lias nreesa to tlio mixture, llm potash is oxklixed, not hy the 0 of tiie 110 
but i)y tiiat of tlin air, wlilrit is rnpully nbsurhed. (Lieliif!.) Sulpllido of iron 
with aqueous oyanido of potassium, sulphide of potassium being likewise 
fonnod (Liebig, Ann. I'hurvi. 38, 20): 

FoS + alCCy =■• ICHi‘cCy“ + ICS. 

According to Iluidicu ft Frcscuius (/Itin. Pham. .13, 133), recently precipitated proto- 
siliphido of iron dibsolvca but v(M'y slowiy in warm acpicons cyanide of potussium, but 
(pticUly on (he addition of potualv.—A forrous salt with aqueous cyanide of 
jJOtassiuni: the rcddisl; yellow precipitate at first in'oduced dissolves in tho 
excess of cyanide of potassium when heated, forming a solution of forro- 
oyanido of potassium (Liebig): 

FcO,SO'' -I- 3KCy = ICFcCy’ + KO.,SO". 

Preparation on the large xaU. —7 5 pounds of erndo potash are intro¬ 
duced into a pear-shaped cast-iron flask phiccd somewhat aslant (or 
3 times that quantity into a cast-iron dish 5 foot long, 85 feet wide, and 
from 4 to 0 inches deep), and licalod above tlio melting-point in a rovor- 
boratory furnace; and 05 jionnds of charcoal from blood, horns, hoofs, 
cuttings of skin or leather, together with 2 jiounds of iron filings or 
smithy scales (or treble those quantities) gradually added, first in small 
and then in larger portions. Strong intumoscenco takes place, especially 
at first, from oscapo of carbonic acid and combustiblo vapours and gases 
whioh burn with flame. Tho above-named animal substances may also 
bo used in tho uncharrod state; but they produce more gas and vu.jpour, 
and thovoforo cool tho carbonate of potash more quickly. Tho ignition is 
continued till tlio mass is brought into a state of (juiot, viscid fusion, and 
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gives off wliito fmnos [of cyttiililo of (loltiKsinm ?|, uftt'C wliirli it. is lalion 
out. Tlio fused muss tliusi oltlniiU'il from 7‘> I'lmuils of cnulu iiottisli, 
amounts to 95 —flR ixhiikIm, ainl yiclilw ffoiii IH to ‘J‘J [KimulN of oryotal- 
Jized fcnocyaiiido of |)otiin,sluin. To ulitiiiii lliu cryolitllizi'il sail, llio 
fused mass, aftoi' cooling, iu digo.stod in waloi' wliirli i.s otii'R'il aud imiilo- 
rately wanned, till thcNolulioii oxliiliils a iluusily of I’l-IK; it is tlo'U left 
to subside, and decanted, and tlio iiiidisstdvi’d roHiduu (wico (I'oali'd wilK 
-■water in a similar nuinnor, tlio luat tiiiio liowover at a boiling load. It is 
useful to add ferrous iieclato to the inixturo of the fii.-^ed inass and water, 
till the evolution of aniinouiii diminishes, hecnuiHO the eyaiiiilu of notiw- 
sium not yet combined with cyanide of iron is iherohy converted into 
ferrocyanido of juitaHsiiun and acetate of potasli. The nndiasidved residuo 
is again washed with water, mid the weak soliitioii (Iiiim ohtniiied is used 
to dissolve fresh jxirtions of tlio fused niaxs, Tlio lixlviatcilehareoal, 
(called Blutlaiif/cnkohle in Oormany), which is di^tingnished liy great 
decolorizing power, is used for decolorizing and for manure.- The mixlnro 
of the tlu'oo .‘solutions obtained as above is ciiin[iletely elarilied hy suli- 
sidenco and docantation; evaporated at 95' to a deiiHily not exeeodiiig 
1’27; run off into tlio cryatulliz.ing vcssol; and iiftor wonie days Hie motlior- 
liquid is separated from tlio oiystal.4 then foriiieil, evaporaled to tlio 
density of X'49, and eliiwed till it is eolil. Tlin molhor-liiiiuir which 
runs off from tlio lust formed crystals is oviipoiatod, and used instead of 
potash for tho next fimioii. The first imd second crops of erystnlsaro 
purified by recry.stallizntion. Tlw nlx.vo Is tuken fmm tlm ilrsrrlpiiuiis of 
Gentele {Poti/icc/in. J. 01, 289), anti of llon’olmeyBr Si PrUitkner, oolhilcil liy Mohr 
{Ann. Pharm, 23, tCO). 


To 10 pts. of ormie potiisli it i.s ii.siial to luld 10 pis. of iiiicliarred, or 
8 ^ pte. of charred animal niattor, mixed willi tl or 4 (larls of iron filings. 
The formation of c_yauido of polnssiiiin, by fiising animal unlmlnm't'H with 
ciirboiiato of potash, takes pliicn in two ways; I. The earhoimlo of 
ammonia which vises from the inixtiiro forms eyanido of jiotasHiinn with 
the fused mixture of chareoiil ami ciu honato of poliish ; viil, Foviwttinn of 
Cyanogen (p. 382), 2. Tlio inlrogomaiH eliareoal forms eyanido of 
potassium directly with tho cavhoiiato of jxitash; vid. Forninlinu of 
Cyanogen 38^, Honco iincharreil animal matter, which givos olf a 
larger quantity of carbonnto of animoiiia, likewise yitdds a greater 
quantity of eyanido of potassium. [Aecordiiig to Desfosses (p. 383), tlio 
quantity of cyanide obtained is tho same in botli easox, hut tiiannfaoturora 
state the contrary.] As fovrocyauido of potiissinni is dccunitxmud at a 

sXrmTall H tills mass bo troatocl with hmmly, that li.itiid dis- 

difitested with tlifl t*'® >110011(1110 solutmn bo 

feicrocyanide ’ Hence it ®^, P®*'!®'®’® >» then ooiivortod into 

tin the fused mass f ^ ®®"''®‘‘»'®® >lo®» 'nd take* place 

effected, aecordTug to ZatovI;!'"''!' »' hot water, 'it is 

cyanide of potaslum nartlv formation of forro- 

partly by the sulphide’of iron "’®ta])io iron in tho fosed nrnis, 
of this last-mentioned comnniinrl • ?® ®°®1®‘*®®>1 thoroin. Tho formation 
pliate of potash Zally ZZTt in P" ®®®t. <>F «uU 

tediicedby the charcoal^rSuldde ^nf 

-Hpon the admixed iron filings and P®ta««i«in, which then acts both. 

on wmgs and upon the iron in tho molting vossols 
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(wliicli am tliovuliy jiorfciratod in the course of 10 or 12 fusions), foniiing 
nil oiiHily J'usililo suljiliido of iron and potassium, which difl'uscs itself 
llii'oiigli tlio wlicdo mass. Since tlio quantity of iron present is rnroly 
siillicicnt to convort all the cyiniido of jiotassiuin into fui'rocyanido, and 
(■onsoquontly a considoraldo quantity of cyanide remains in the solution, 
and is dccouiposod during tho evaporation into ammonia and formiato of 
potash, tho ([Uantity of I'orrocyanido obtained, which should amount to 
DO-!).') per cent., does not actually exceed 15 per cent. Metallic iron or 
Hul])hi(lu of iron should therefore ho added to tho aqueous solution of tho 
fiiHcdiuaKs; or tho .solution should be mixed, during tho ebullition, with 
groan vitriol, till tho black jirecijutato of sulphide of iron (produced by 
tho Hiilphulo of pota.s.siuiu) begina to bo pornmiiant. Tho mother-liquid 
dacautad from tlio crystals of forrocyauido which separate on cooling, 
than coiitaiiiH Hulphato of ])otash and sulphide of iiotassium.—Moreover, 
to 100 ]iarlH of crudo potash, according to tho quantity o,f suliihatc which 
it contains, thore luUHt ho added from 12 to 20 jiarts of iron-filings, in 
order to convert all tho aal[)hido of )iola8sium formed in tho process into 
sulphide of iron and potassium; otherwise tho sulphide of potassium will 
give up jiartof its sulphur to tho oyauido of potasaiuni, thereby convert¬ 
ing it into aulphocyaiiido, wliorcby a certain ])ortion of tlio cyanide wilt 
bo reudoi'od iinavailublo for tho forniatioii of forrocyaiiido. At tho samo 
liiiio, a Hullicient quantity of sulphide of iron is formed in tho mass to 
convort all tho cyanitlo of potassium into forrooyaiiido.—A cortain 
qmuilily of oyauato of iiotash may likowi.so ho formed in tho fusion, 
juirtly IVom access cd' air, jiartly hocauso cyanide of potassinni and aul- 
jdiato of iiolash foriii cyaiudo of potash and sulphide of potassium by 
double decompositiou. [Mmst not tho excess of charcoal present reconvert 
the cyamilo (d' imlasli into oyaniilo of ))otassiiim?] This cyamito of 
potash is afterwards rasolvod, on dissolving tho fused mass in rvator, into 
carhunic acid ami ammonia. (Tjiohig, Ahji. .Vharm. 38, 20.) 

If tho fused mass obtained from 100 lbs. of potusb, 100 lbs. of born- 
charcoal, and 10 Him. of iron filings, ho pulvorizoil mid washed in a finmol 
with a mixture of equal j'aiTH of walor and aleidiol of 30 ' Bin. as long as 
anything is dissolvod out, tho wash-liquid soiianitos into two layers, tho 
lower coiiUiiiiiiig carboualo of potash, and tho iippor hut a siiiall quantity 
of cyaiiiilo of poLassiiiiii; tho residuo thus oxhaiistod gives up to hot 
water a quantity of forrocyauido of potassium equal to that which would 
ho ohtainod in tlio ordinary way from tho unwiwhod fused iiinss. IToneo 
it follows that tho fused inass—at least that which is prcjiarod on tho 
largo scale contains forrocyaiiido of iiota.ssiiim already formed; iiulcod, 
if this salt wore not formed till tho mass was digested in water, tho 
lixiviating luiiis, which are mado of shoel-irmi, would soon ho corroded, 
wheroiiM they hast for ton years ami iiioro. (Uiiiigo, rtirjfj. OG, 95.) 

Alcohol of 81) p. c. oxtriiets from tho fused mass only a small 
quantity of oyaniilo of potassiimi, logothor with siilpliocyaiiido, and tho 
solution, whim ovapovated in an open vosael, gives off ammonia and 
loaves hicarhmiale of potasli; with sosqnichlorido of iron it forms a blood- 
roil mixtiiro, whicli whoii exposed to sunsliino and to tiio air, assuiiios a 
yollow colour, and doiiosits crystals of forrocyauido of potassium.—The 
tiiasH, if digested in water, afror exhaustion with alcohol, gives ii]) forro- 
cyanido of potaHsimn to tho water.—;If an oxccb.s of iron ho used in tho 
iirepaiutioii, tho fused muss, when digested with alcohol, inijiarts no siil- 
rihido of potassium to that liquid, for hydrochloric acid added to the 
aolulioii causes no ovoliilion of sulphurotted liydrogoii; but from the 



456 


METHYLENIJ: SECONDARY NUCLEUS C’NH. 


iindissolved residue water extracts sulphide of potassium, and the clear 
aqilcoiis solution, if evaporated even at a low temperature, deposits a 
large quantity of black mud. [The sulphide of potassium combined witli 
tlic sulphide of iron resists the solvent action of alcohol, but dissolves in 
water together with a portion of the sulphide of iron, which is then pre¬ 
cipitated in proportion as the sulphide of potassium is decomposed by 
evaporation in contact with the air.J—•The solution obtained from the 
fused mass in its ordin.ary state, acquires a brighter yellow colour by 
continued digestion in an open vessel, not bjr taking up more forrocyanido 
of potassium, but by taking up sulphide ot potassium [which is perhaps 
transformed from monosulpliide into polysulpliido]. The fused mass, when 
heated with water in a vessel from which air is excluded, does notgivo off 
hydrogen gas. [This is not a necessary consequence, provided a sullioicnt 
quantity of sulphide of iron bo present.] Even if the air ho excluded as 
far as possible during the fusion, the fused mass on being dissolved in 
water, gives off a largo quantity of ammonia, and still more if green vitriol 
be added; this salt likewise does injury by converting a portion of the 
potash into sulphate.—The mother-liquor of the crystals of fcrrocynnido 
of potassium contains large quantities of foriniato and bicarbonate of 
potash. (J. J. Stager, Kputolary comimmicaiion.) 

A fused mass from the works of Otto Pauli at Ettling gave up to 
boiling alcohol of 34'' Bm., a small quantity of sulpliocynnido^ and sul¬ 
phide of potassium, but no cyanido; for the liquid, on being mixed with 
a ferroso-forrio salt, and thou with hydrochloric acid, yielded no prnssian 
blue; when the alcohol was diluted with water, it dissolved out, on 
boiling, a largo quantity of forrocyanide of potassium, which crystallized 
as the liquid cooled. This fused mass gave off no perceptible quantity of 
ammonia when boiled witli water. 

IT Possoz and Boissidre (Oonipt. rend. 2C, 203) prepare forrocyanido 
of potassium by means of the nitrogen of the air, by imssing a current of 
air over charcoal (lowcler saturated with 80 p. c. of ciirhonato of potasli, 
and heated to whiteness for lO hours in wido earthen cyliiulors jilacud in 
an upright position. Tho charcoal, after thorough ignition, is mixod 
with pulverized native carbonate of iron and lixiviated. (For a descrip¬ 
tion and drawing of tho apparatus, vid. London Journal of Arts, 1845, 
380; also Repertory of Patent Inventions, 1847, 280.) IT 

Commercial forrocyanido of potassium is often contaminated witli 
carbonate and sulphate of potash. It may bo purlRod by dissolving it in 
the smallest possible quantity of hot watci', leaving tho snljduito of 
potash with part of tho forrocyanide of potassium to crystallize by cool¬ 
ing; decanting the motbor-Iiquid and mixing it with alcohol; washing 
tho precipitated forrocyanido of potassium with alcohol; and crystallizing 
it once more from water. 

Preparation on the small scale. —By adding pure Prussian blue to 
boiling ])otasli-loy as long as its colour is thereby ebangod to brown; then 
filtering, wasliiiig, and evaporating tlio solution to tlio crystallizing 
point. TIio salt thus obtained may bo contaniinntod,—oapcciully if tho 
Prussian blue bo not very pure—with carbonate, phosjihato, sulphate 
and alnminato of ])olash, with carbonate of ferric oxide and potash 
(Proust), ami with yreen prussiate of potash. It must ho purified by 
picking out tho crystals, and repeatedly dissolving and rocrystallizing, 
or, according to Berzelius, by heating tlio salt first gently till it ollloroscos, 
and afterwards to the molting point; dissolving it in water, which loaves 
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cliai'cnal and carbide of iron undissolvcdj adding acetic acid to convert 
tlio carbonate and bydrocyanate of potash contained in tlie solution into 
acetate; precipitating the snlpLiiric acid present by means of an equiva¬ 
lent quantity^ of acetate of baryta; filtering, evaporating, precipitating 
tlio forrocyanido of potassium by alcohol; and crystallizing it twice from 
solution in hot water, after which it exhibits a pale yellow colour; or, 
aocoriling to Klaproth, by adding dilute sulphuric acid to tho aqueous 
solution as long as any precipitate of prussian blue is formed; filtering; 
evaporating; i)icking out tho crystals of ferrocyauidc of potassium; dis¬ 
solving them in water, and removing the rest of the sulphuric acid by 
baryta-water; or, according to Henry, by heating tho alkaline ley filtered 
from tho decomposed prussian blue with a small quantity of sulphuric 
acid for an hour; filtering; repeating tho treatment with sulphuric acid, 
if that aeid stilt throws down prussian blue; then precipitating the 
liquid with sulphate of copper; exhausting the washed precipitate with 
aqueous solution of ])otash; filtering; and I'cmoving any sulphuric acid 
that may yet bo present by evaporation and cooling (whereupon a small 
quantity of sulphate of potash crystallizes out), and then by adding a 
small quantity of baryta-water. 

Lastly, tho crystallized forrocyanido of potassium obtained by either of 
those methods must bo freed from water by heating its powder to 100 °. 

Troperties. White powder or friable mass; neutral to vegetable 
colours, inodorous, and having a sweetish, saline, somewhat bitter tasto. 

Eobitiuct. 
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DeoamposUiow. Forrocyanido of potassium fuses at a heat a little 
below redness, and if tho air bo excluded, giving off nitrogon gas with 
slow emission of bubbles, and leaves a mixture of cyanide of potassium 
mixed with bicarbido of iron (V., 219 f; Ilcrzolius); 

CN-iFoK^ = 2C-NK + FeC=' + N. 

If but a trace of water bo present, it gives off, besides tho nitrogen, small 
quantities of carbonic acid, hydrocyanic acid, and ammonia, (Geiger, yln7i. 
Pharm. 1, 50.) Tho salt still retains water, oven after being dried as 
completely as possible, and Ihoroi’oro at tho eonnncnccmont yields car¬ 
bonic acid, hydrocyanic acid, ammonia, carbonic oxide, ami marsh-gas; 
tho rosiduo contains, in addition to cyanide of potassium, not carbide of 
iron, but a mixture of iron and charcoal; for tho iron is magnetic, rusts 
under water, and dissolves in diluto acids witli evolution of hydrogen. 
(Robiquot.) Forrocyanido of potassium ignited with vitrofied boracic acid, 
which likewi.so always retains a small quantity of water, also giv'os ofI‘, 
with strong intumosconco, marsh-gas, carbonic oxide, carbonic acid, hy¬ 
drocyanic acid, and ammonia, but no cyanogen, (llobiquot.) 

2. Forrocyanido of potassium heated nearly to redness in contact 
with tho air and continually stirred, is converted by oxidation into ferric 
oxido and oyauato of potash; but the moisture in tho air causes it like¬ 
wise to give olf a small quantity of ammonia. (Campbell, Ann. rimnn. 
28, 52.) A mixture of forrocyanido of potassium and peroxide of man¬ 
ganese sot on fire in tho air, burns with a glimmering light, forming 
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cyanate of potash and aeaquioxidc of iron (Wiililcr, Liebig): vid. Oyanatc 
of Potash. A fiiioly pulverized mixturo of 1 pt. dry or crystallized 
ierrocyauide of potassium and from to 2 pts. peroxide of manganese, 
formed into a cone and set on fire by a live coal, burns with continued 
gloAV, giving off a largo quantity of carbonate of ammonia, and forming 
a brown niixturo of cyauato of potash, ferric oxide and manganoso-man- 
ganic oxide; the interior of the cone is green, and will likewise burn 
away with a glimmering light if exposed to the air while yet warm. 
(Liebig, Kmin. Arch. 0, 147.) The residue also contains cyanide of 
])otussiuni (Wohler, Pogg. 5, 3Sfi), together with a largo quantity of 
carbonate of potash. (Camjdjell.) 

3. Ferrooyauido of f)utassium is instantly decomposed by fusion with 
nitrate of ammonia, ferric oxido being left behind. (Eimnctt, SUL Amer. 
</. IS, 258.) When mixed with ^ of its weight of nitre, and introduced 
by aiiccossivo jmrtions into a j'e<I-hot crucible, it explodes and yields a 
black mixture of nndccomposed fcrrocj’auide of potassium, cyauato of 
potash, carbonate of potash, Bcsquioxidc of iron [metallic iron 1], and 
charcoal. 

4. Ferrooyanido of pota.ssiuin, crystallized or in the state of aqueous 
solution, decomposes when cxpo.scd to light (but not in the dark), giving 
off hydrocyanic acid, separating fcri'ic oxide or inuissian bluo, and 
ac([niring an alkaline reaction. (N. Fischer, Kastn. Arch. 9, 34,5.) Tho 
solution enclo.soil in a sealed tube and exposed to (ho sun, deposits a 
brown powdor, boconios alkaline, and smells of hydrocyanic acid. The 
yellow .solution cxpo.scd to air and light, espociatly to direct sunshine, 
boconics green; deposits, after some time, a hluo powder; acquires aui 
iilkiilino reaction; and, after being cx])oscd for a considerable time to air 
and light, no longer yields square tables when crystallized, bat dondritio 
eilloresccncos, The crystals, when (inely pulverized, likewise undergo a 
similar chuiigc in snnsiiinc, tho yellow colour changing to grociu.sh blue; 
this change takes place most quickly in the salt precipitated by alcohol 
from its aqueous solution. On suksequcnt solution in water, a bluo or 
somotlinos a brown ijowdor thon separates. (N. Fischer.) Tho aqueous 
solntioii diluted till it heemnes colourless, is quite permanent when kept 
in the dark, and in a vcs.scl cojn])lctoly filled with it; but on exposure to 
light, it doposits yellow sesquioxido of iron, tho quiintity of which 
ineroinscs on boiling the solution; if tlio bottle is but partiully filled, tho 
odour of bydroeyanic acid becomes ap])<arcnt on o])cning it after insola¬ 
tion. Linen or j)apor saturated witli the aqueous solution and dried in 
tho sliadc, gives off no hydrocyanic acid, and exhibits scavcoly any colour; 
but after drying in tho sun, during which it evolves hydi'ocyanic acid, it 
oxlubit.s a yellow colour; linen which has been thus saturated, and has 
ac(|U)rod a strong yollow colour by several days’ Insolation, afterwards 
fornns in water a deep yollow solution, which on boiling doposits ferric 
oxido, ami acquires an alkaline reaction. (Schonboin, Pogg, (J7, 87.) Tho 
nc]noons .solution boiled in an open vessel, gives off ammonia (Hollander, 
Wn.cl»); but when boiled in a retort, it evolves liydrocyanio acid. (Waoli, 
/S'eto. 51, 449.) 

5. In tlio voltaic circuit, llio aqueous solntiou of ferrocyanido of 
jioln.ssium yields fcrricyanidc of potassium at tho positive i)olo, without 
(svolntion of gas, whilst hydrogen and potash pass over to tho nogativo 
pole. If the current bo reversed after this decomposition has taken 
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place, potash appears at the then negative polo,—and at the positive pole, 
not ferricyanide of potassium, but a substance which does not I’edden 
litmus, is quickly converted into prussian blue, and is probably, therefore, 
protocyanido of iron. (Since.) ScbBnbein (J. pr, Ohem, 30, 145) likewise 
obtained ferricyanide of potassium at the positive pole. 

6 . Chlorine gas passed through the solution of ferrocyanido of pot.aa- 
sium.till that solution no longer forms a blue precipitate with ferric salts, 
converts it into ferricyanide and cblorido of potassium (Gin.): 

aiC^feCy^ + Cl = 3KCy,Fe-Cy3 + KCl. 

If the pas.sage of the chlorine be still continued, the forricyanido of potas¬ 
sium undergoes a further decomposition which will be explained hore.aftcr 
(p. 470). Bromine also converts fcrrocyanide of qjotassium into ferricyanide. 
(Suiee.) Iodine act,s upon aqueous ferrocyanide of potassium less jinwer- 
fully than chlorine and bromine, but appears also to convert part of that 
compound into ferricyanide. The aqueous solution of 1 At, fcrrocyanide 
of potassium readily dissolves about 1 At. iodine. The dark-red solution, 
which contains a largo quantity of free iodine, forms prussian blue, both 
with ferrous and with ferrio salts. When left to evaporate spontaneously, 
it gives off iodine and leaves a whitish amorphous mass which contains 
iodide of potassium, and is either a peculiar compound {iodoferrocyemate of 
potash), or a mixture of iodide of potassium with ferrocyanido or ferri- 
oynnide of potassium j this latter view of its composition, however, is incon¬ 
sistent with the absence of cry.stallization. The same residue is obtained 
bjr evaporating the aqueous solution of ferricyanide of potassium mixed 
with iodine. If the residue be again dissolved in water and evaporated, 
a diirk substance is deposited, and crystals of ferrocyanide of potassium 
are again produced. The solution of the residue in water yields the 
following precipitates with heavy metallic salts: With a white 

precipitate changing to yellow; zinc and lead, white; copper, dark brown; 
corrosive sublimate, white, changing to green; silver, reddish white. 
(Smeo, Phil. Mag. J. 17, J 93.) A warm solution of ferrocyanide of 
potassium absorbs iodine very abundantly, as.suming first an olive-green, 
and then a black-brown colour. The solution saturated with iodine omits 
vapours wliich attack the eyes strongly, and on cooling deposits a browii- 
red saline magma. If only so much iodine bo added ns to give the 
solution an olivc-greon colour, and the liquid bo then concentrated to a 
certain point, it yields on cooling a crystalline powder, wliicli after being 
pressed between paper, forms a golden-yellow, silky mas.s, whicli is pro¬ 
bably a compound of ferrocyanide of ])otassium with iodine. When 
heated, it turns brown, gives off iodiuc-vapour, and leaves ferrocyanide 
of potussinm. Its aqueous solution exhibits with ferrous and ferrio salts 
the same reactions as ferrocyanide of potassium, and gives a red pre¬ 
cipitate [mercuric iodide] with mercuric salts. (Preuss. Ann. Pharm. 29, 
323.) According to Gcrdy {Conipt. rend. 16, 2.5; also/, pr. Chem. 29, 
181), iodine docs not decompose ferrocyanide of potassium. 

7. Ferrocyanide of potassium, either anhydrmis or cry.stalli zed, wdien 
mixed with sulphur, and heated somewhat above the melting point of tho 
latter, is converted into a mixture of 2 At. snlplioeyanide of potassium 
and 1 At. sulphocyanido of iron (Berzelius): 

2K;Cy,FeCy -h .IS = 2KCyS2 -i- FeCyS^. 

If the heat applied bo not suiliciont to pwoduco complete decomposition, 
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protocyanido of iron, which turns bliio in tho air, roiimins nnclissolvcd 
when tho fused product is digested in water; if, on tho contrary, tho boat 
bo too strong, tho sulphocyanidc of iron producod at first is rosolvod into 
nitrogen gas, vapour of snlphido of carbon, and a residue of protosulphido 
of iron. (Berzelius.) In this dccoinpo.sition, tboreforo, thoro are threo 
stages to bo distinguisbed: I. If tho lieat applied is but just sudicient to 
fuse the riiixturc, tho ivator extracts only tho sulphocyanido of potassium, 
and leaves all tho iron in the form of ferrous oyanido.— 2. By continnod 
fusion, tho lattor compound i.s converted into .sulphocyanido of iron.— 
3. If tho fusion ho still further continiicil, tho sulphoeyanido of iron is 
decomposed, with eini.ssiou of blue tlanios of snlphido of carbon, into 
sulphide of carbon, mollon, ami jirotosnlpliido of iron: 

4C=NFuS-’ = 2CS''^ + C"N' + -lEcS (or perlmpa iilso =■• 2CS- -I- U''N'I''e + Fe»Si). 

Tho mollon withdraw.s tho potassium from a portion of tho adini.xod sul¬ 
phoeyanido of jmtussium, to form mcllonido of jmta.ssium; tho suljiho- 
cyanogon thus sot freo is roconverted into mollon, which decomposes a 
fresh quantity of snlidiocyanido of jiotassinm, &c., dto., and thus, if tlio 
heat be continued for a considorablo timo, a iiroduct may be obtained, 
consisting chiofly of mollonido of potassium. If a quantity of cn.vbonato 
of potash, equal to of tho forrooyanido of pota.ssium insod, bo added to 
tho mass, as soon as tho blue (lames cease to show thomsolvcs, tho mass 
hocomos more fluid, and very rich in mollonido of potassium. (Lioliig, 
-'tJMi. Plumn. 50, 345.) 

3. Osone produced by the slow combustion of phosphorus, converts 
forroeya,uido of potu.ssium into ferricyanido. rhosphorus complotoly 
iminersod in aqueous sidutiou of lerroeyaniilo of iiotiiasium, exerts no 
action upon it; luit if tho liquid ho contained in a narrow-necked vc.ssol, 
and ])art of the idiosphorus ))rojec.t ont, tho liipiid acquires an aoid 
reaction from formation of plio.splioric, acid, and becomes reddish yollow, 
ill coimeipioiu'o of the ]irotluction of ferricyanido of ]iotn.ssiiini, so that 
after noiitru-lization, it forins prussiau blue, no longor with forrio Imt with 
ferrous salt.s, Tliis ilccoinpoHitioii lakes plaeo very slowly at !)', hut 
quickly iihovo l.T". (iSnieo.) Tho traiislbrniulion is duo to Sclibnhoin’a 
ozone. If crystals of forroe^iinido of potussiiini ho suspoiidcd within a 
carboy—such us those used tor containing oil of vitriid—at the hottoiu of 
which a pioeo of ])liosidioruH is slowly hiirning, the erystals soon acquire a 
crimson coloiir on tlio surface, iiiid after lit! Iioiirs, are found to ho eovorod 
with a rod crust a lino in thiokiiesH, and consisting of a loose aggregate 
of small crystals, the solution of whieli no Itmgor gives a hliio eidoiir with 
forrio salts. On placing pieces of phosjduiriiH an inch long, and eloan on 
tho surfaco, in carboys, covering llioin half iqi with water, and o.xposing 
tlioiii for 12 hours to slow comhuHtioii at a toiiiporatiiro of 20", so that 
tho air In tho ves.wl may hncmno charged with ozone; tlion shaking tlio 
"horns and tho water out of tho vosstd; wushing it witli wator to 
■> phosphorous iieid; tlien jioiiriiig in ferrocyanido of polasHium, 
'atin|; it witli tho ozunizud air, till tho liquid no Itmgor forms 
vocipilato with ferric salts,—tho solution acquires a strong 
action; imparts a hliio colour to Htaroh mixed with iodide of 
*'•0 addition of suliiiinrio acid; ami yiidds on ovaiioratioii 
of fovricyanido of potassium. Two carboys siidico 
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of liycli’ogen, wo may suppose tliat it gives up oxygcti to oiie-fourtli of tlio 
potassium in the forrocyanide, thereby forming potash. The blue colouring 
of starch-paste mixed with iodide of potassium is attributed bySchbiibcin 
to the couverdou of this potash into peroxide of potassiumj it may, 
however, be due to an cxccs.s of ozone taken up by the liquid. 

9. Aqueous iodic acid converts forrocyanide of potassium into ferri- 
oyanido of potassium, iodatc of potash, and iodine. (Since.) Probably 
thus : 

lOIC-FeCyi + CIO« = .'i ICFe'-Cy' + r>(KO,10S) + I. 

Chloric acid acts in a similar manner, but not so strongly; hence it is 
necessary to apply heat, which causes an evolution of chlorine.—A mix¬ 
ture of chlorate of potash and dilute hydrochloric acid likewise produces 
forricyanido of potassium,— Chromic acid docs not produce fcrricyauido 
of potassium, but forms prussian blue like other acids. 

10. Forrocyanide of pota.ssium somewhat strongly heated with twice its 
weight ol nitric acid, lirst gives olf cyanogen gas, then nitrogen, nitric oxide 
and carbonic acid, and leaves a mixture of nitrate of potash and ferric oxide. 
(Thomson.)—Forrocyanide of potassium forms with nitric acid a coifoe- 
colourod liquid, which when noutralizod with potash and filtered, appears 
greyish yellow, and yields with ferric salts a precipitate of a tolerably 
dark blue colour. (Dbboroinor, Schw. 26, 305.)—When forrocyanide of 
potassium is heated with moderately strong nitric acid (or aqua-regia), 
small quantities of oyanogon and carbonic acid arc evolved, and a dark- 
brown liquid is obtained, which, after standing for some time, deposits 
crystals of nitre, together with prussian blue previously suspended. The 
brown liquid decanted from this deposit may bo kept unaltered for several 
years, and if loft in an open vessel, slowly dries up to a dark-brown 
extract mixed with nitre. Gontiimod boiling with strong nitric acid does 
not docomposo it. But its mixture with alcohol gradually deposits 
prussian blue.—When supersaturated with potash or ammonia, it deposits 
hydrated protoxide of iron, and acquires a light-brown colour, which on 
the addition of a small quantity of sulphuretted hydrogen water, changes 
to a splendid purple, and on the addition of a larger quantity, to dark 
blue; ultimately, the liquid assumes a green tint, but this jirocecds from 
the Hakes of hydrated ferric oxide floating about in it. Sulphurous acid 
added to the liquid supersaturated with potash, likewise produces a rod 
colour, which however inclines to yellow and never changes to blue.—■ 
Protochlorido of tin docs not produce any red colouring in the liquid.—If 
the liquid, after supor.saturation with potash, bo sot aside fora day till it 
ceases to deposit hydrated ferric oxide, a jialo, yellowish brown, liquid, 
alkaline filtrate is obtained, which remains clear and exhibits still finer 
purple and blue tints with sulphuretted hydrogen; but no green colour is 
produced, because there are no flakes of ferric hydrate floating in tho 
liquid. Tho rod or blue mixture, which is clear at first, gradually becomes 
cloudy, oven when tho air is completely excluded, and in a few hours 
loses its colour, and deposits a soft white powder (milk of sulphur). On 
tho application of heat, tho liquid iinmouiatoly bocomos decolorized, n.nd 
is converted into a turbid, greenish white inixturo.—Tho alkaline liltrato, 
on evaporation and ignition, loaves a larger quantity of ferric oxide. 
(Q-m., according to llandb. Anfl. 3, 1, 167, and later experiments.)— 
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—Similar cfTccts havm boon obscrvod by CiiinpbL'll iiiul Sinoo; Forro- 
cyanido of potassium gently lioaterl with strong nitric aeiJ gives oft 
nothing but cyanogen gas, neitbci' byih'ocj’anio acid, nor nitrous vmionvs, 
and yields a black nnisa, perfectly soluble in water. The liquid reddouoil 
by .addition of potaali ami sulphuretted liydrogon (vid. sujh), deposits a 
bine substance, which afterwards turns white, and cannot bo prussiaii 
blue, since it is formed in an alkaline liquid. Porba])S tho red colouring 
is connected with that which Gregory obtained by dhssidving sul])hido of 
nitrogen in alcobolic potash (II., 414). (Campbell, Ann. J’/uirm. 2S, .07.) 
—When ferrocyanide of potassiuin is dis.sol\' 0 (l in excess of nitric acid, 
nitric oxide is evolved; the dark-coloured solution neutralized with 
potash no longer precipitates ferric .salts, but forms a blue precipitate 
with ferrous salts; when evaporated it yields erystiils of nitre, ndxo<l with 
a small quantity of forricyanido of potassinin. On evaporating with a 
larger quantity of nitric acid, a black mass is idituinod, which ta.stcs sweet 
at first, but leaves an unpleasant metallic taste in tho niontli. (Since, J‘hil, 
Mag. J. 17, lt)4.)—If According to Playfair (Phil. Trans. 1K40, 11. 477; 
Jahresber. 184.0, 292), tho action of nitric acid on forrocyanidos produces 
a now class of compounds which ho calls Nilroprussides, nnd to whiob ho 
assigns the general formula Pc'Cy'^N^O^SM. —Whon ferrooyanido of 
potassium is heated with dilute nitric acid, a copious evolution of uitrio 
oxide takes place at first; this, however, soon ceases entirely if tho 
mixture be cooled. Other volatile products aro then evolved, viz., 
cyanogen, hydrocyanic acid, nitrogen, carbonic acid, and ajipurontly also 
of cyanic acid. Tho dark-red solution, as it cools, first doposits nitre, 
and afterwards,—provided too much nitric acid has not been used,— 
oxaniide. The remaining solution contains forricyanido of potassiniii, 
nitroprussido of potassium, and nitre.—[For further Jotiiils, viil. NiinprusniiUs,'] 

11. Chromic acid, and likewise bichroniato nnd nionoohronniLo of 
potash, transform dissolved ferroeyanido of potassiuin into forricyanido; 
on boating the mixture, a greenish substance is dopositoil. (Schbnboin, 
J. pr. Ohem. 20, 145.) 


12. Ferrocyanide of potassium strongly heatod with 9 pts. of oil of 
vitriol is resolved almost wholly into cnihonio oxide, sulphate of potash, 
sulphate of ammonia, and ferrous sulphate, which on tho apiilioation of 
a stronger heat is converted, with evolution of sulphurous aoitl, into forrio 
sulphate, and then forms an iron-alum with each of tho alkaline sul¬ 
phates. (Pownes.)—Whon oil of vitriol is poured upon ferroeyanido of 
potassium, tho mass becomes hot, and gives off a small quantity of hydro- 
cyanio acid. On applying heat, the white pasty mass at first formed 
dissolves and gives off abundance of carbonic oxide gas, which is pure, 
excepting that it has a slight garlic odour; no hydrocyanic acid passes 
over with the gas, but only a trace of formic acid; finn!lly, also, a small 
quantity of sulphurous acid is evolved. If tho heat bo coiitiniiod after 
all the carbonic oxide has passed over, tho ferrous sulphate is converted 
into ferric sulphate, with copious evolution of sulphurous acid; and the 
hot liquid doposits white, pearly, micaceous, crystalline lamimo of anhy¬ 
drous fernco-amraonio-potassio sulphate, which incroaso in quantity as the 
heat IS continued.--The first decomposition takes place in the inaiinor 
represented by the following equation ; 

C“N%eK2 -I- 9HO = 6CO 3NI-F + 2KO + PeO. 

The alum-crystals afterwards formed have the composition; (NH*0,S0* 
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+ K0,S0=) + (Fe’0^3S0»). (Poxvncs, Phil. Maff. J. 24, 21; also Ann. 
Pharm. 48, 38.) Doboreincr {Schio. 28, 107) liad previously obtained 
piiro carbonic oxide gas, and a white residue con.siating of sulphate of 
ammoiiin, sulphate of potash, and cyanide of iron.—Thomson obtained 
sulphurous acid and a peculiar combustible gas, 3 volumes of which con¬ 
tained 3 vol. carbonic oxide and 1 vol. hydrogen {comp. Berzelius, 
Scliiu. 30, ,^7).—Mcrk {Rpperl. CS, 190), by rapidly distilling ferrocy- 
auido of potassium with oil of vitriol, obtained a distillate containing 
small (piantitios of hydrocyanic and hyilrosulplmcyanic acid, together 
with formic acid and a sublimate coinsisting of sulphite of ammonia 
crystallized in noodles. 

13. The stronger acids, added in the stale of dilute solution, and not in 
too great oxco.ss, to a solution of fcrrocyanide of potassium, jjroduco no 
apparent alteration; but subsequent treatment with ether shows that 
forrnprus.sic acid has been separated (p. 420). Tlie mixture becomes 
turbid when heated, boils below 100^, gives olf half the cyanogen of the 
forrocyanldo, in the form of hydrocyanic acid, deposits the white or yellow 
powder of KFo’Cy^, and then contains in solution a compound of the 
acting acid with three-fourths of the potash which the potassium jircscnt 
is capable of yielding.—Supjiosing that the fcrrocyanide of pota.ssium is 
not completely decomposed in the cold—which, though not certain, may 
bo a.ssnmod as true, when only 3 At. sulidiurlc acid are used—the ccpiation 
will be; 


2K=FoCy’’ + 3(110,SO^) = 3HCy + KFs=Cy'’ h- 3(K0.S0'''). 

But, if the forrocyanldo of potassium is completely decomposed at the 
commoucomout, without the aid of heat, into ferroprnssic acid and potash- 
salt, wo must suppose that the ferroprnssic acid, when resolved by heat 
into hydrocyanic acid and KF^Cy^, again takes up 1 At. potash from the 
potash-salt produced: 

2H2FeCy'' + 4(KO,SOa) = 3IlCy -r KEc^'CyS + 110 + 3ICO -l- 4S03. 

According to calculation, 211 "4 parts (1 At.) of crystallized ferrocyauido 
of potassium, yield 40’5 pts. (1^ At.) or 19 p. c. of hydrocyanic acid, 

100 parts of crystallized forrocyanido of potassium distilled with 
12 pts. At.) of oil of vitriol and 20 pts. of water, till 10 pts. have 
passed over, yield a distlllalo containing 17’58 pts. of anhydrous prussic 
acid {=:211'4-h37'C2); the sulphuric acid also constantly produces a small 
quantity of formic acid. The ycllowlsli white, inodorous, pasty residue, 
treated with water, gives up a trace of lerrous sulidiato [and probably 
also of sulphate of ammonia] togctbor'with the acid suljdiato of potash. 
Tho insoluble residue, which assumes a light blue colour during washing, 
exhibits tho characters mentioned by Waclcenrodor (p. 475).—When 
forrocyanido of potassium is distilled with aqueous pho.sphoric acid, a 
largo portion always remains undcconiposod; but the phosphoric acid doos 
not give rise to tho production of formic acid. According to tho Phar- 
mac. Jioruss., 100 parts forrocyanido of potassium distilled with 200 pts. 
phosphoric acid of sp. gr. ITS, and 300 pts. alcohol, till a moist, pasty 
residue remains, yield only 11'49 pts. of anhydrous pirussio acid (=2il‘4 ; 
24'2f)). (Wackenrodcr, iV. Br. Arch. 2, 33.) 

A cold mixture of aqueons fcrrocyanide of potassium and dilute sul¬ 
phuric acid, begins to assume a turbid appearance at 40''', and (o deposit 
a green powder at G0°, but doos not give olf hydrocyanic acid till heated 
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to 104 [11; moreover, part of tlic hydrocyanic acid is decomposod by the 
sulphuric acid. Ammonia is found in tlie residue and a trace also m 
the distillate: but no formic acid can be detected, perhaps bccaii.so it is 
further resolved into carbonic oxide and water.—211-4 pts. of crystallized 
fcrrocyanide of potassium distilled with 108 to 115 pts. of sulpluiric acid 
of specific ffi-avity 1-S2 and the requisite quantity of water, yield 40 pts. 
of aiibydnnis prussic acid. Tbe more qiiiclcly the distillation is conducted, 
tlie greater is the quantity of prussic acid obtained, the product viuying 
from 83'9 to 401 pts.; the variation probably depends on the quantity oi 
ammonia formed. When the re.sidiie is washed with water, neither iron 
nor cyanogen is dissolved out. Whichever proportion of sulphuric acid 
may have been used, the washed green sediment from 211 4 jits. of 
ferrocyanide amounts, after drying at 100“, to 74'6... 75-23 pts. (35 3.... 
35-5 per cent.); it must therefore be regarded as hydrated cyanide of 
iron togotlier with a very small quantity of cyanide of potassium. [Accord¬ 
ing to page 474 , this sedimentrzKFc-Cy*, and should amount to SG-6 pts. 
from 211-4 pts. of ferrocyanide of potassium.]—211-4 pts. of fcrrocyanido 
of [potassium require at least 76 4 pts. (li At.) sulphuric acid of sp. gr. 
1-82; but if no more than that quantity be used, the distillation must bo 
continueil to dryness, to decompose all the ferrocyanide. 115 At. siilplinrio 
he used together with water, all the hydrocyanic passes over ivliilo tho 
residue is still quite liquid, and 211-4 pts. of forrocyaiiido yield from 38 
to 40'4 pts. of anhydrous prussic acid, contaminated howo-ver with 
sulphuric acid. But if such a mixture be distilled to drynop at a tempe¬ 
rature ultimately rising to 140°, a small additional quantity of hydro¬ 
cyanic acid passes over [probably because Ibo concentrated snlphnrio 
acid exerts a decomposing action on the KFe'Cy^], together with cyanogen 
and formic or sulplmrous acid, so that the total quantity obtained amounts 
to 42'32 pts. Tho residue is now porous and hluo, ami aftor washing 
leaves 76-4 pts. of dark-hhie sediment. The transparent and colonrloss 
acid wash-water assumes when exposed to light, first a yellow, tlion a 
blue colour, yields a small blue 2 >recipitate, and is afterwards found to bo 
free from iron. (Thaulow, J. pr. Cltem. 31, 234.) 

When a concentrated aqueous mixture of ferrocyanide of potassium 
and snlphomethylate of potash is evaporated and cooled, yellow square 
tables are obtaiiud; and the liiglily alkaline mother-liquid, on being 
further evaporated and cooled, yields colourless tables. The former 
contain 29-73 per cent, of potassium, 15-30 Pe, and 13'5 water; lionco 
their formula is 4KCy,3FeCy,C’H’0,C*N-f8Aq. [Acaoriling to Gregory’s 

own description, they appear to be nothing liut impure feri-ooyunido of iiotassiuni.] 
The colourless tables, after drying at a gentle heat, are anhydi-oua; when 
strongly heated, they fuse, give off first a vapour having an othorcal 
odour, and afterwards vapours which smell of garlic—swell up, and 
leave a residue of fused bisulphate of potash. They contain 34'71 per 
cent, of potash. 35-12 sulphuric acid, 7-19 carbon acid, and 167 hydrogenj 
no iron. [The nitrogen wiis not deterinineci.] Their composition is thoroforo : 
3(KO,2SO®)-)-C’‘H®0-)-C^H®Cy. Hence 3 At. ferrocyanide of potassium 
and 3 At. sulphometbylate of potash yield 1 At. of the yellow salt, 1 At. 
of the colourless salt, and 2 At. free potash. (Gregory, Ann, JAliavm, 
22, 269.) [Deserves further investigation.] 

14. k mixture of 1 pt. ferrocyanide of potassium, either dry or 
crystallized, with 1 pt. peroxide of manganese and 2 pts. hisiilphate of 
potash, gives off, when heated, carbonic oxide, carbonic acid, and a small 


quantitji' of nitrogen, together with liy<lrocyanio acid, hydrocyanato of 
ammonia, and carbonate of ammonia, and Icai'es a residue whose aqueous 
solution exhibits an alkaline reaction, and gives off sulphuretted hydrogen 
when treated with acids. (Harzen-Mullor, A7in. Fkann. 58, 102.) 
According to Dbboreinor {Gilb. 74, 421), 1 At, ferrooyanide of potassium 
heated witli 3 At. peroxide of manganese and G At. oil of vitriol, gives off 
cyanic acid. 

1.5. Aqueous ferrocyauide of potassium digested for a considerable 
time with finely pulverized peroxide of manganese, yields very pure 
forricyanide of potassium. The addition of sulphuric acid accelerates the 
decomposition, but the product is then contaminated ivitli sulphate of 
potash. (Smoo.) Finely pulverized peroxide of lead acts more quickly 
than poroxido of manganoso. As the formation of fcrricyanido of 
potassium goes on, tho liquid bocomes continually deeper in colour j after 
two hours’ boiling, tho decomposition is complete. The peroxide is at the 
same time converted into a white mixture of hydrate and carbonate of 
load. Tho yellow liquid, when evaporated, yields crystals of ferricyanido 
of potassium, and a mother-liquor containing carbonate of potash. Tho 
carbonic acid is probably derived from tho air: 

2K2FoCya + PbO’ = 3KCy,Fe2Cy“ + KO + PbO. 

Red lead, on tho contrary, exerts no action on ferrocyauide of potassium, 
either when placed in contact with it for a week, or when boiled with it. 
(Schouboin, J. pr. Ghem. 30, 146.) 

IG. Mercuric oxide boiled with aqueous solution of forrocyanido of 
potassium gradually throws down the iron in tho form of reddish yellow 
ferric oxide, which however contains a certain portion of cyanogen, so 
that, on dissolving it in hydrochloric acid, prnssian bluo is loft behind; 
tho liquid contains cyanide of mercury, and when evaporated, leaves 
also carbonate of potash. (Vauquolin, Schio. 26, 74.) Porhaps in this 
manner: 

K^FeCy^ + 3IIgO = 3HgCy + 2KO + FeO. 

Tho PeO is then converted into Fe’O’ by taking up 0 from another 
portion of HgO, and the potash into carbonate by tlie carbonic acid of tho 
air; for Duflos {Schw. 65, 114), by boiling tho analogous compound, 
forrocyanido of barium, with mercuric oxido, obtained a solution of cyanide 
of mercury and caustic baryta, and a precipitate containing Ibrrio oxido 
together with mercurous oxide and metallic mercury.—By sulliciontly long 
boiling tho iron may bo completely separated. (Berzelius.) Tho ferric 
oxide precipitated by tho mercuric oxide dissolves in hydrochloric acid, 
with evolution of hydrocyanic acid; and tho solution evaporated after 
precipitation by ammonia, yields a small quantity of chloride of potassium. 
Tho ferric oxide apiioars then to retain cyanide of potassium. (Gm.)—If 
the quantity of mercuric oxido added to tho boiling solution is not sufli- 
ciont to decompose tho forrocyanido complotoly, tlio liquid, on cooling, 
deposits pale yellow rhombic tables [a compound of forrocyanide of 
potassium with cyanide of mercury?]. (Preuss, Ann. Pharm. 20, 324.)— 
When 1 pt. ferrocyauide of potassium is boiled with 2 pts. monostilphale 
of mercuric oxide and 8 pts. ofwator, asmall whitisli precipitate separates, 
and a solution is formed containing cyanide of mercury and sulphate of 
potash (Desfosses, J. Ohim. mid. 6 , 261); according to Dufio.s, this solution 
also contains ferric oxido.—To decompose tho forrocyanido of potassium 
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completely, 7 At. ( =7 . 148) mercuric sulpliate are required for every 
2 At. f=2.211'4) of tlie ferrocyanidc. When these proportions are 
used, the precipitate consists of reduced mercury, with only a small 
quantity of greenish white powder. (Duflos,/S'e/fw. 65,112.) The equation 
is therefore: 

2K.SFeCy3 + 7(Hg0,S03) = gHgCy + 4(KO,SO’) + Fe=0=,3SO3 + Hg. 

When ferrocyanide of potassium is boiled with nitrate of Tnercupj [luercuric 
nitrate 1], the compound KCy,HgCy,2Aq.crystallizes out in white micaceous 
laminm. Similar laminm = KCy,HgCy,Aq. are obtained by boiling the 
ferrocyanide with corrosive sublimate. (Desfosses.) [In these reactions, the 
quantity of mercury was prohably insufficient for complete decomposition.]^ The hot 
solution of ferrocyanide takes up a large quantity of merauric iodide, and 
on cooling deposits a compound of iodide of potassium and mercuric 
cyanide crystallized in laminm. (Preuss.) 

17. When solution of ferrocyanide of potassium is boiled with a few 
drops of se^quicMoride of iron, a certain quantity of fcrricyanida of 
potassium is formed, so that the liquid yields a deep blue precipitate with 
ierrons salts (Williamson, Ann. Pham. 57, 238); 

= KWCy« + SFeCy + SKCl. 

A- small quantity of ferricyanide of potassium is also formed on boiling a 
solution of the ferrocyanide with a largo excess of prussian blue. 

18. When ferrocyanide of potassium is lieatcd with sal-ammoniac, 
either in the wot or in the dry way, hydrocyanato of ammonia is 
volatilized, while chloride of potassium and chloride of iron remain. 
(Duflos, Schw. 65, 106; Binoau, Aim. Chim. Phya. 67, 231.) 


19. The aqueous solution of ferrocyanido of potassium forms pre¬ 
cipitates with most salts of the earthy alkalis, earths, and heavy metallic 
oxides, the potassium being oxidized by the oxygen in the base of the 
salt, and remaining dissolved in combination with the acid, whilst the 
precipitate consists of ferrocyanide of potassium, in which the potassium 
is replaced by the metal of the base; e.g.i 


K’FeCy3 + 2(PbO,NO‘) = Pb^FeCy® + 2(K0,N05). 

Frequently, however, the newly-formed cyanogen-compound carries ferro¬ 
cyanide of potassium down with it, especially if to 1 At. ferrocyanido of 
potassium there be added only 1 At. instead of 2 At. of tho other salt; ia 
thM case, the precipitate generally contains 1 At. ferrooyanide of potassium 
with 1 At. of the newly formed ferrocyanide. (Mosander, Pogg. 25, 390.) 
But even when the salt of the earthy or heavy metal ia added in vory 
large excess to the ferrocyanide of potassium, the precipitate generally 
contains small quantities of the latter salt, which are difficult to remove, 
even by long-continued digestion with the supernatant liquid.—As, in. 
pmipitating ferrocjranide of potassium with the salt of a heavy motal, 
the exc^a o{ acid in the latter might [after a wh.'le] separate cyanide of 
iron, and therebpr, in very dilute solutions, render the reaction uncertain, 
ttu Wfc to mix the solution of 11 pts. ferrocyanide of potassium in 
100 pts. water with | vol. aqueous ammonia, add this solution to the 
yvymetallic salt m such proportion that the liquid may still smell of 

whereupon the pre- 

cSpilttte wffl immediately appear. Au acid solution containing only 
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TTB^TToro P*- of copper yields, wLcn tlius treated, aii immediate precipitate, 
and a solution containing only exhibits a red tint in 18 hours; 

whereas by the ordinary process only pt. of copper can he detected 

in a liquid. (Levol, N. J. Pharm. S, 211; also J. pr. Ohm. 30, 3G1.) 
IT In some cases also, as in that of copiper, the ammoniacal solution of tlio 
ferrocyanide may be left to evaporate on a small white porcelain dish; the 
ammonia then escapes, and the ferrocyanide of copper is left with its 
characteristic colour : extremely small quantities of copper may be thus 
detected. (VVarington, Oliem. Soo. Qii. J, 5, 137.) IT 


Qombinaiions. With Water. Crystallized Ferrocyanide of Poiasmm. 
In crystallizing from its aqueous solution, ferrocyanide of potassium takes 
up 3 At. water, and yields crystals belonging to the square prismatic 
system; they are lemon-yellow by reflected, and pale yellow, by trans¬ 
mitted light. Fig. 26 and other forms; cleavage easy parallel to p, less 
easy parallel to eye : e"=137'';p ; e=111^30';p : rt=119'9'. (Brooke, 
Ann. Phil. 22, 41.) Fig. 25; e : d’—lSG" 22'; p ; d=lll- .52'; p : a = 
110“ 40'; e ; a=:138“55'. (Bunsen, Pogg. 36, 404.)—Sp. gr. 1-833 
(Thomson) ; soft and somewhat flexible.—'The crystals are permanent in 
the air; at, 60“ they begin to give off their water, which however e.scapes 
but slowly even at I00“, unless the fine powder be continually stirred in 
contact with the air.—Oil of vitriol turns the crystals white by abstracting 
their water. (Thomson.)—The crystals contain exactly so much HO, that 
they may be regarded as anhydrous hydrocyanate of ferrous oxide and 
potash, 2(KO,HCy)-t-FeO,HCy. 


fi C . 30-0 .... 17-03 

3 N . 42 0 .... 19-87 

Fe. 28-0 .... 13-24 

2 K . 78-4 .... 37-09 

3 HO . 27-0 .... 12-77 


BerzeUas. Ure. 

Ittner. 

Dober- R-Phil- 
einer. lips. 

. 12-94 .... 14-00 


!!!! 13-58 

. 37-06 


.36-75 

. 12-70 .... 12-88 

12 ! 

.. 12 .... 12-50 


CWFeK3 + 3Aq. 211-4 .... 100-00 


R. Phillips {Phil. Mag. Ann. 1, 110; also Eastn. Arch. 11, 239).— 
Proust found 10, and Porrett, Thomson, and Robiquet 13 per cent, of 
water of crystallization. 

Ure. Porrett. Ittner. 


iius. ciiicri 

2 KO . 94-4 .... 44-66 .... 44-62 .... 44 8 .... 42-20 .... 41-68 .... 39 

FeO . 36-0 .... 17-03 .... 16-64 .... 18 0 .... 20 68 .... 16-33 

3 HCy . 81-0 .... 38-31 . 36-31 .... 36-76 


2(KO,HCy),FeO,HCy 211-4 .... 100-00 . 99-19 .... 94-77 


Ferrocyanide of potassium dissolves readily in water, forming a pale 
yellow solution ; it dissolves more abundantly in hot than in cold water, 
and is precipitated from the solution by alcohol, in which it is quite 
insoluble, iu yellowish white, pearly scales.—Specific gravity of the 
solution saturated at 8“=1'130. (Anthon.)—The solution absorbs cyanogen 
gas abundantly (acquiring, according to Smee, a dark colour), but without 
formation of ferricyanido of potassium. (Qm. Schw. 34, 339; Smee.) 

Ferrocyanide of potassium dissolves in excess of oil of vitriol, with 
rise of temperature, but without effervescence, and forms a colourless 
liquid, which, on exposure to damp air, deposits small needles. These 

2 H 2 
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crystals contain several atoms of sulpliurio acid to 1 At. forrocyanulo_ of 
potassium; they dissolve in water, forming a solution which contains 
ferroprussic acid and acid sulphate of potash; alcohol oi sp. gi. 
extracts ferroprussic acid from them, and leaves sulphate oi potash. 
(Berzelius.) 

Green Ferroajanide of Potassium.—'SNlwu ferrocyanido of potassium 
is prepared by treating impure commoroial prussian hhio with caustic 
potiish-ley (p. 456), there sometimes remains, after the yellow foiio- 
CTanide has crystallized out, a brown, thickisli, effloi’cscoiit mothcr-liqiioi*. 
C)n neutralizing this liquid with acetic acid, and adding alcohol (which 
takes up the acetate of potash formed from the carbonate in tho niotho!’- 
liquor), a green mass separates out. This substance forma vvith water a 
dark green solution, from wbiob the salt crystallizes by cooling or evapo¬ 
ration in greenish grey scales, containing tho same quant.itlcs ot potassium 
and iron as the yellow salt. The aqueous solution of these crystals turns 
brown in the air. If this salt be again dissolved in water, and tho solution 
evaporated at a gentle beat, a green powder is deposited, and tho salt is 
thereby rendered more crystal!izablc. On heating tho dehydrated green 
salt in a covered crucible, till it no longer gives off vapours which siiioll 
of ammonia, and dissolving the re.siduo in water, there remains a quantity 
of caiburetted iron larger than that which would bo obtained by boating 
the yellow salt to the same degree; and the solution then contains jrcllow 
ferrocyanido of potassium, together with small quantities of 'Oyanido of 
potassium and carbonate of potash. (Berzelius, Schio. 30, 64.) 


Ferricyanide of Potassium, 3 KCy,Fe‘Cy==C'N=K“,C“N“Fo». 

Ferridcyanide of Potassium, Ferrasesguict/anide gf Potassium, Red Perroeyanide gf 
Potassium, Bed Ferroprussiate of Potash, Red I’nmiate of Potash j roihes C'l/nneisen- 
kalium, rothes Blutlaugensalz, Kaliumeisencyanid, Fei'ridcyankalium. In llio stnto of 
aqueous solution, it may also be regarded os Hydrocyanale of Perrio-oxide and Potash. 

Formed from ferrocyanido of potassium, when the latter is doprired 
of ^ of its potassium by oxygen, chlorine, bromine, &o. 

Preparation. 1. Chlorine gas freed from hydrochloric acid by wash¬ 
ing -with water, is passed with constant agitation through a cold aqueous 
solution of ferrooyatiide of potassium, till a sample taken out of tho 
liquid, (the yellow colour of which becomes continually deeper,) on being 
added to the solution of a ferric salt perfectly free from ferrous salt, no 
longer throws down prussian blue, but forms a clear brown mixture. Tho 
liquid is then evaporated over the water-bath till crystals begin to form. 
The crystals increase in quantity as the water-bath cools, and may bo 
purified by repeated crystallization. (Gm. Pc/m. 34, 325.)—If the ohlo- 
nne acts unequally on the different parts of the liquid, or in excess, ii 
further decomposition takes place, resulting iu tho formation of ohlorido 
M cyanogen, and a dark red liquid is produced, which, on evaporation, 
oepMits Prussian green (p. 446), whereby the purification of tho salt is 
rented much more difficult. Hence it is necessary to stir tho liquid 
frequently with a ferric salt. Tho crystals 
by the first evaporation are often more needles; but on sepa¬ 
rating them from the mother-liquor, washing them with cold water, dis- 
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solving in Lot water, ngain evaporating, and repeating tins process 
several times, the liquid ultimately purified by filtration yields thick 
crystals, an Inch in length. The mother-liquor is mixed with the wash- 
water, and again evaporated as long ns red crystals continue to form. 
The process to bo followed is more particularly described in Vol. I. 
p. l.'j, under the head of Methodical Purification hy QrystalKzation. 
The inolhor-liquid, after this treatinent, contains scarcely anything but 
chloride of potassium, and somotiinca a small quantity of reproduced 
forrocyanido; hence the oryetiihs last separated from the mother-liquid 
must ho tested with a ferric salt, to see whether they contain ferrocya- 
nido of potassium, and in that ca.se they must bo again treated with 
chlorine. The chloride of jmfjissium contained in the imi)urificd solu¬ 
tion ajjpcar.s to ho the cause of its cllloroscing so rapidly during evapora¬ 
tion and cooling; for this reason it is advisable to use vessels with deep 
sides. Lastly, it is to bo observed, that larger crystals are jiroduced by 
hot evaporation than hy cooling in rapidly boiled solutions. (Gm.) 

To remove the i)rnssiau green produced by excess of chlorine, which 
is a])t to ])a8s through the filter, and interferes with the purification of 
the crystals, Tossclt (^Ann. I'hann. 42, 170), after treating the solution 
with chlorine, and boiling it down to the crystallizing point, adds to it a 
few drops of jiotash, sulfioiont to destroy the green precipitate, then 
filters to remove the forric oxide, and leaves the solution to crystallize by 
slow cooling. An excess of potash must bo avoided, otherwise ferro- 
oyanido of potassium will bo formed. A certain quantity of forrocya¬ 
nido is, bowovor, produced in the decomposition of the pvussian green 
(p. 4-17). 

IT lliockbcr (Jnhrb. pr Pharm. 15, 1) passes chlorine gas slowly 
through a cold dilute solution of the yellow priissiato, till the liquid ex¬ 
hibits a dark rod colour by tmnsmitted light; then evaporates quickly to 
dryness; treats the rosiifuo with four times its weight of water; and 
boils the filtrate down to half its bulk.—Kolbo {Jakrh. pr. Pharm. 16, 
322) adds chlorate of potash and hydrochloric acid in small portions to 
a boiling solution of the yellow prussiato. H 

2 . lly placing a solution of forrocyanido of potassium in the circuit 
of the voltaic battery (p. 458), or by digesting it with finely pounded 
mauganeso (p. 465), Smoo {Phil. Mag. J. 17, 193) obtained very pure 
forricyanido of potassium. 

3. Small quantities may bo formed by the action of ozone. (Schbn- 
boin, p. 400.) 

4. Prussian blue is decomposed at a gentle heat by chloride of jiotash 
(III., 57), and the filtrate evaporated to the crystallizing point. (Kramer, 
J. Pharm. 15, 98.)—The product thus obtained is mixed with a much 
larger quantity of foi'oigu potash-salts limn that produced by (1), and is, 
therefore, more dilficult to purify. 

5. An aquoou.s solution of forrocyanido of potassium is digested with 
an excess of the blue substance K“l''o'’Cy*'* (p. 477), which completely 
converts it into forricyanido, and the resulting solution filtered and eva¬ 
porated. The residue on the filter, which has become paler in colour by 
taking up | of the potassium contained in the forrocyanide, may bo 
again deprived of this quantity of potassium by digestion with nitric 
acid, so that it may bo repeatedly used for converting fresh quantities of 
the yellow salt into the rod. (Williamson, Ann. Pharm. 57, 231.) 

8 . Aqueous cyanide of barium is precipitated by a mixture of forrio 
sulphate and sulphate of ])otash. (F. ih E. Itodgors.) [Does not succeed 
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well.] (On the prepnrntion of this snlt, see also YVinkler, Mag. Pharni. 19, 262; 
Robiquet & Clemson, J. P/iarm. 14, 356 ; also N. T>'. 17, 2, 155.) 


Aurora-coloured, transparent, liiglily lustrous prisms, belonging to the 
right prismatic system. I’ig. 66, but without the t- and y- faces, aud 
without the two faces below aa; m-facc ofteu very broad] cleavage 
parallel to m; u :u~100°; a ; 137“ nearly.—Forms an orarige-yollow 

powder, and has a slightly astringent saline taste. Perfectly neutral. 
(Gill.) T.astes slightly soapy. Turns violets slightly green. (Girardin.) 
[Because yellow and blue together make green.] 



Cryslallizecl. 


Gin. 

12 C . 

6 N . 

. 72-() .... 

21-84) 
25-49/ ■ 

,. 49-00 

2 Fe. 

. 56-0 .... 

16-99 . 

.. 17-22 

3 K . 

. 117-6 .... 

85-68 . 

.. 35-05 

3KCy,Fe'^Cy2. 

. 329-6 ... 

100-00 . 

101-87 


1. The crystals, when heated in close vessels, decrepitate loudly, 
crumble to a brown powder, give ofi‘ cyanogen, mixed with a small 
quantity of nitrogen, and leave a greyish black porous residue, from which 
water extracts oyauide aud ferrocyanide of potassium, and a brown sub¬ 
stance resembling paracyanogen, le.aviug a residue of carbide of iron 
mixed with a small quantity of prussian blue. (Gm.) Boudaiilt [N. J. 
Pharm.. 7. 437] also J. pr. Chem. 36, 23) obtained cyanogen, nitrogen, 
cyanide of potassium, forrooyankle of potassium, and carbide of irou[?].—- 
2 . In the danio of a. candle, the crystals burn with decrepitation and spark¬ 
ling, When ignited in contact with the .air, they give off more cyanogen 
than when ignited in a close vessel, and leave sosquioxido instciul of car¬ 
bide of iron. (Boiidault.)—3. When mixed witli cupric oxide and 
heated, they exhibit a bright glimmering light, and with niirale of am¬ 
monia they detonate loudly. (Gm.) When tliis salt is tlirown into 
melted nitrate of ammonia, a dark-blue mass is formed, whicli afterwards 
turns reddisli yellow] as long as it remains blue, tlio filtered solution 
fornis a blue precipitate with ferric nitrate. (Schbnboiu.) — i. Contimiod 
hoilinp of the aqueous solution converts only a small portion of the salt 
into tbo yellow ferrocyanide. (Gm.)—The dilute solution is permanent 
in the dark, hut, on exposiiro to sunshine, it slowly deposits a reddish 
yellow substance] paper saturated with the solution, and placed in a 
bottle exposed to the sun, evolves a slight odour of hydrocyanic acid, 
and turns blue when treated with scsquiohlorido of iron. (Schbnhoin, 
Pofin- 67, 89.) 5. In the circuit of the voltaic battery, that part of the 

solution which is in contact with tho negative pole, acquires the property 
of colouring ferric salts blue] hence ferrocyanide of potassium is formed 

at that pole, (Schonbein.) [is free cyanogen, together with a cyanide of iron, 
separated at tfie positive [lole ?] 

6 . Chlorine gas passed through the aqueous solution, eliminates chlo- 
Tido of cyanogen] and precipitates prussian green, while chorido of potas¬ 
sium remains in solution. The solution acquires a dark rod colour from 
dissolved prussian blue [prussian green], which may bo precipitated by 
^kaline salts] alkalis likewise change the red colour to yellow. (Snioo ) 
Chlorine separates hydrocyanic acid from the solution as well as chlorido 
pf cyanogen, and imparts to it a dark-red colour arising from dissolved Prus¬ 
sian green, which is precipitated by exposure to tho air, or by boiling. 
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(Pelouze, <7/im. i’/y/s. 69, 40.)— Bromine act.s on the aqueous aolu- 

tion in tho so-mo "I’lnuor as chloriuo. (Siuoo.) — 7. Nitric aci’cZ forms with 
the crystals, grailually cyon at oj-dinary temperatures, a brown solution 
identical with that whioli it produces with the yellow ferrocyanide (p. 461); 
it likewise do posits crystals of nitre (Giu.), and contains nitroprussido of 
potassium. (X*lftyfnir.)— 8. The pulverized crystals heated with oil of 
vitriol bccoiito Jialo yellow, and impart that colour to the oil of vitriol 
(.sulphate of* forrioyauido of potassium?); at a higher temperature, the 
mass hecoiiies Iduinli-whito and tough (sulphate of ferrocyanide of potas¬ 
sium?); at n. still higher tomporatiirc, it sw'olls up and evolves comhustiblo 
gases, and, finfi'Hy) at a rod heat, Icar'cs a residue of stilphato of forrio 
oxide and jootviMh. (Gin.) —Oil of vitriol forms with tho aqueous solution 
a green preoipitiito, which consists of I'VCy^ [?] mixed with a small 
quantity of oyfutnilo of potassium, and turns blue when boiled with excess 
of sulphuric ficid, part of the cyanogen being thereby converted into 
ammonia. CWilliaiu.son, Ann. Phann,. 57, 243.)—Forricy.anidc of potas¬ 
sium mixed, with mlpkale of ammonia and with water, and evaporated to 
tho consistGUOO of paste, forma agreon mass, which, if further heated nearly 
to its moltingr pioint, assumes a deep blue colour, and when subsequently 
dissolved ill water, yields a filtrate, which does not form a blue preci¬ 
pitate with fori’io salts. (SchBnhoin.) — 9. The aqueous solution of the 
red salt boiled with hydrochlorio acid, deposits prusaian blue. (Gni.)— 
Most acids produce this precipitation on tho application of heat, and 
generally also give rise to evolution of hydrocyanic acid. (Since.) If tho 
solution likowi.su contains Iho yellow forrocynnido, evaporation with 
hydrochlorio acid jirodueos a largo (pianlity of prussian hluo. (Gm.)— 
Tliis reaction is probably attended with evolution of cyanogen : 

3C3KCy,'Fe-Cy'') + lOIICl = 2Cy + lOIICy + 9ICC1 + FeCl + Fe'Cy". 

On adding to the boiling solution of tho red salt, a quantity of proto- 
chloride of ii’oii not suflicioiit for comploto precipitation, tho yellow 
ferrooyaniclo is formod, and jprnssian hluo B precipitated (Liebig, Ann. 
Pharmil, 237); 

2lC'''Fc2Cy“ + 4FoCI = 'IKCl + K^FoCy" + Fo^Cy". 

10 . When tlio aqueous solution of forricyanido of potassium is boiled 
with mereurio oxide, tho whole of tho iron is precipitated in the form of 
pulverulent forrio oxide, to which small quantities of potassium and 
cyanogen tonaoiously adhere (Gin.): 

K^Fc^Cy" + CHgO - 3KO + Fo»0^ + CIlRCy. 

11 . Potaslb does not act on tho solution at ordin.ary tomporaturcs, 
nor even at liiglior temperatures, unlo.ss tho liquid ho boiled down to a 
high state of concentration; in that case, tho rod prussiato is converted 
into the yellow prussiato and cyanide of potassium, with evolution of 
cyanogen (jiot of oxygon) and precipitation of forrio oxide. (Boudault.) 

12. Many heavy metallic oxides, in presence of potash, convert tho 
dissolved red jirussiato into tho yellow prussiato, tho red salt taking up 
potassium, and. tho oxygon of tho potash bringing tho heavy metal to a 
higher state of oxidation (Boudault, N, J. Pharm, 7, 437; also J. pr. 
Chsm. 36, 23); e.g. 

K.^I?c2Cy" + KO H- PbO = 2K=FoCy" + PbO’. (Boudauk.) 

The action may bo produced by adding to the solution of tho rod salt, 
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either the hydrated oxide together with potash, or a mixture of the salt 
of the heavy metal with excess of potash.—A solution of chromic oxide 
in potash boiled with the solution of the red salt, yields chromato ol 
potash, together with ferrocyauide of potassium.— Hydrated manganom 
oxide with potash, or a manganous salt with excess of potash, yields 
peroxide of manganose, even at ordinary temperatures; if the potash is m 
large excess, the peroxide produced is crystalline; hut if the manganous 
oxide is in larger proportion, brown-red manganoso-rnanganic oxide is 
produced.— Protoxide of lead dissolved in potash, or a lead-salt supersa¬ 
turated with potash, yields a precipitate of brown peroxide of lead, which 
is generally crystalline, or of red lead, if the lead-oxide is present in 
greater proportion.— Stannous salts also convert the red salt mixed with 
potash into tho yellow salt.—But the protoxides of cohall and nickel are 
not brought to a higher state of oxid.ation even by boiling with a mixture 
of potash and the red salt.— Silver and gold salts, on the other hand, 
exhibit a different reaction with potash and the red prussiato; for they 
yield, on boiling, a jirecipitate of ferric oxide, while forrocyanido of 
potassium and cyanide of silver and potassium, or cyanide ol gold and 
potassium, remain in solution. 

13. Hydrosulphuric acid decomposes the red jiriissiato dissolved in 
water into yellow prussiato, ferroprussic acid, and sulphur (Williamson, 
jinn. Pharm. 57, 237): 

2K5re=Cy'> -I- 2HS = SK^FeCy’ -I- lUPeCy* + 2S. 

14. ITydroselenic acid and phosplmrelted hydrogen likewise impart to 
tho solution of the red prussiato the property of forming a blue precipitate 
with ferric salts; and the same change is produced, though more slowly, 
by hydrotelluric acid, arseniureited hydrogen, aud antimoniuretted hydrogen 
gases. (Schiinhein.) 

15. Ammonia couverts the aqueous solution of forrlcyanitlo of potas¬ 
sium into forrocyanido of potassium and forrocyanido of ammonium, with 
evolution of nitrogen (Monthiers, N. J. Pharm, 11, 254): 

G[C3Fe2Cy“ + 8NIU = 9K2FeCy'> -f 3[(NlU)2FDCy‘>] + 2N. 

Many other deoxidizing agents likewise Impart to tho aqueous solution 
of ferrocyanide of potassium the property of forming a blue precipitate 
with ferric salts, and consequently, when added to a mixture of tho rod 
solution with a ferric salt, they produce an immediate precipitation ol 
Prussian blue. Whether in this reaction forrocyanido of potassium it 
invariably produced, or whether some of these bodies merely redueo the 
ferric salt previously or subsequently added, to the state of ferrous salt 
so that the blue precipitate may be produced by tlie rod prussiato in itt 
original state, is a question which has not been satisfactorily invostign.ted 
Tho other decomposition-products formed at the same time likewise 
require examination. The deoxidizing agents which produce these 
effects are; Phosphorus, which acts but slowly. (Schbnbein, J. pr. Ghem 
,30, 128.)—i-’/iosp/i07w<s acid and the hypophosphites. (Bouclault, N. J 
Pharm. 7, 437; also J.pr. Ohesn. 36, 12.)— Sulphurous acid, which ii 
thereby converted into sulphuric acid, and Sulphites, which are trails 
formed in sulphates. (Boudault.) Nitric oxide gas, and oven fumiii| 
nitric acid, whereas nitrous oxide and pure nitric acicl exert no rcduciiq 
action. (Schonhein.) 

Similar effects are likewise produced by rarlous metals: Iron sus 
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poluloil in tho solution soon bccomos covorod on tlio rough parts of its 
surfiico with blue cyanido of iron, which grows up in capillary or foatliory 
forms to tbo Yory suri’aoo of tho liquid, and tboro acquires a darlc blue 
colour. On boiling tbo aolutiou of tho rod iirussiato with iron, a preoi- 
pitato is foriuod, which is first bluish-grocn, tbon groon, than palo groon, 
tbon groy, and finally whitish-grey, and acquires a dark blue colour on 
exposure to tbo air. Tho .solution is thereby nearly decolorized, bcooinos 
somewhat alkaline, and contains forrooyaiiido of potassium. (I-Ilinofold, 
J, pr. Ghem. 7, 23.) Iron quickly beooiuos covorod with a light bluo 
Bubstanoo, obauging to dark bluo on exposure to tbo air, and imparts to tbo 
solution tbo property of forming a bluo precipitate with ferric salts. Tho 
formation of tho bluo depo.sit requires tho ])roaonco of air; for iron wire 
introduced into tbo boiling solution remains bright, if tbo liquid bo loft to 
cool out of contact with tho air; but if the air bo not completely ex¬ 
cluded, bluo spots form upon tho iron in tbo course of two days, and 
gradually increase to long, thin, spiral throuda of a dirty bluo colour, 
which gradually grow up to tho atop]>or. At length tbo solution bcooinos 
decolorized, and precipitates forrio salts dark bluo, and ferrous salts 
white. (Sclu'inboin.)— Xinc acts nearly as ra.pidly as iron, boconiing 
covorod with yellowish Avliito .sjiot.s and depositing a dirty-wliito powder. 
Tho solution at first yields a blue precipitate with forrio salts; but after 
tbo action has been continued for some time, tbo li([uid bocomos decolo¬ 
rized, no longer jirooipitatos ferric salts bluo, and eontain.s abundance of 
ammonia. In a solution freed from air by boiling, zincromains bright for 
weeks, whilo tho solution rotaii.s its colour, anil inqiarts but a slight 
bluonoHS to forrio salts. (Schonbein.)— ylr,wnic, (uUimovi/, bisnm(k, im, and 
Icai/, quickly impart to the solution tho property of turning ferric salts 
bluo; cadmium, copper, mercury, and diver, 2 )rodnoo tbo same ofl'oct but 
very slowly. But oven on (/old, platiimm and pullfidium, a mixture of 
tbo red prussiato solution with forrio nitrate deposits jirussian bluo in a 
few hours. (Sclibnboin.) [ll«t this mixturo ilepoHlts pnwslim blue even when left 
hy itself for somo time ia u gtans. (Gm.)] li'inoly divided slaunous or cu¬ 
prous oxide added to a solution of the rod prussiato, quickly 2 >roducos a 
small quantity of tbo yellow salt. (Soliiinboin.) 

Iodide of polassmm, added to a inixturo of tho solution with a forrio 
salt, likewise causes a prcci^iitation of prussian blue. (Since.) [Tho action 
is probably attended with elimination of iodine.] 

Certain oryanic substances likewise impart to tbo solution of tho rod 
prussiato tbo property of forming a bluo precipitate with ferric salts: 
Uric acid, creosote, cinchonine and morpitine (but not qiuniuo or strych¬ 
nine), produce this change in a minute.— Ether or alcohol exerts no action 
on the juire solution, oven after long standing; but if it bo mixed with 
forrio nitrate (which by itself is not reduced by alcohol or ether), a 
copious precipitate of prussian blue is quickly formed. Boiling for a 
short time with sugar imparts hut littlo blueing power to tbo ])uro 
solution; bnt from tbo solution mixed with a ferric salt, sugar throws 
down Prussian blue in a few hours, even at ordinary toinporaturos. 
(Schiinboin.) Formic acid mixed with tho pure solution of tho rod 
prussiato, and sot aside for a few days, or evaporated with it, causes a 
slight precipitation of prussian bluo, and imjiarts to the solution tho 
power of forming a bluo iircciintato with forrio nitrate. Similar offocts 
are jiroducod by acetic, tartaric, and citric acid. But oxalic acid exhibits 
no action oven on boiling; on the contrary, tbo addition, of oxalic acid in 
considerable quantity to a mixture of tho rod prussiato and forrio nitrate 
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entirely prevents the precipitation of priiasian bliio by byponitrlo aoicl, 
nitric oxide, sulplinretted liydrogcn, phospliiircttod liydro^ren, nrio acid, 
or sugar, and diminisliea the precipitate Avbicli avould bo forined by 
selcninrettcd Iiydrogen. (Sebonbein.) Tf, however, the solution of the 
red salt be mixed Avith potash, the oxalic acid is docoinposod by it, 
Avith formation of carbonate of potash and forrocyanido of jmtassiuni. 
(Boiidault.) If A piece of cotton coloured with indigo, and saturatod 
with forricyanide of ]iotassium, is bleached on immorsiou in caustic potash- 
ley. (Mercer, Fldl. Mag. J. 12G.) IT 

IG. Ferricyanido of jiotassinin in solution docs not proclpitato tlio 
salts of the other alkalis, but forms ))rcci])itatcs Avith most mlh of ih& 
heavy metals. The reaction Avhich takes place in theso precipitations is 
in most cases'oxprossed by an oqnaliou like tho folloAving: 

r3KCy,Fe=Cy3 + 3(CuO,SO-'') = 3CuCy,Fo-Cy“ + ;KKt),aO»). 

But in this case also, the noAv compound frcquontly carries doAvn Avith it a 
quantity of undocomposed forricynnido of potassium, Avliioh it is dillloiilt 
or impossible to remove by washing. Tho resulting prooipitato is gono- 
lally resolved by digestion Avith aqueons potash into x'opvod\icod forvi- 
cyaiiido of potassium and separated metallic oxido. 

Gomhinations. Ferricyanido of potassium dissolvos in 3‘H pts, of cold 
and a smaller quantity of hot water. (Gm.) In 2 pts. of cohl and loss tlian 
1 pt. of hot Avater. (Girardin.) Tho saturated solution has a broAvnisU 
yellow, tho dilute solution a Icmon-yclIoAv colour, Avhich does not disiqipear 
till a very large quantity of Avater bos boon added. Alcohol added to tlio 
aqueous solution throws doAvn tho salt in tho form of a yellow powdor. 
(Girardin.) 

Ferricyanido of potassium appears to combino Avith oil of A'itriol 
(p.471). _ 

It is insoluble in absolute alcohol, and vory a])nrinLdy soluble in 
hydrated alcohol. (Gin.) 


Ferrocyanide of Iron and Potassium. 

C”N=Fo*K = C‘>N'‘FcK'“,C''N'>Fo«=KFe'Cy’ = K*FcCy»,3PoCy. 

Ferroq/aneismtaliiim (Willinmson), Prussemertepat (Gm.).—Tbo foi'ination 
of this salt by beating forrocyanido of potassium Avitli dilute sulpliurio 
acid, Avas first pointed out by Everitt {Phil. Mag. J. 6, 07). 

1. "When hydrocyanic acid is prepared by distilling forrocyanido of 
potassium with dilute sulplinric acid (pp. 390—302), this compound 
remains in tbo retort in tho form of a yollow poAvdor, Avliicb must bo 
Avashed out of contact of air, with water proviouslv dcprlvod of air bv 
boiling (Everitt): >■ j i j 

2K'‘FeCy» + CSO» + 3HO = 3(KO,2SO'') + 3HCy +KFe'*Cy”. 

The compound obtained from 368'8 pts. (2 At.) of anhydrous forro- 
oyamde of potassium by sulphuric acid, contains 38 pts. (nearly 1 At.) of 
potassium. (Williamson.) 

The compound is not yelloAv but white, at least if only 3 At. sulphuric 
acid are used, so that neutral sulphate of potash is produood, Ghlorino 
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•svator and hot nitric acid, which withdraw potassium hnt no iron from it, 
convert it into the hluo compound dcacribod on page 477: 

IC2FeOy'',3FoCy - K = KPc=Cy“,Fo!'Cy». 

The compound also turns l)luo on exposure to the air, forrocyanidc 
of potassium being likewise separated. By caustie potash, it is con¬ 
verted into forrocyanido of potassium, and a losidnc of ferrous oxide 
(Williamson): 

Kn'’eCy“,;Ui'oCy + 2ICO » 2K!iFeCy!' + 2FeO. 


0 c; . iifl'O 20'78 

3 N . 42-0 21'25 

2 Fu. f.fl-O :)2-:U 

K . 3!P2 22-(i3 

CWFu'-K. 173-2 100-00 


Gay-Lussac (yljin. Oltim. Physt, 48, 78) thmight that he had found in 
this wfiito substance the compound K^lVCy"; but ho subso(incntly dis¬ 
covered {Ann. Qhiin. Pkys. 51, 070) that the water which ho had used to 
wash it contained enrbouate of lime. 

If 100 parts of forrocyanido of ])otaasium are distilled with 12 jiarts 
of oil of vitriol and 20 jiarts of wator till 10 parts of liquid have passed 
over, and the rosiduo is thoroughly washed with water, the last wash- 
water exhibits on opalescent aj)poavauce, and imparts a violet colour to 
ferric salts if it still pi-otlnoos a-slight cloud with ehloride of bariinn, but 
colours thorn dark blue in tho contrary case. If tbo residue, which 
during this wasliing has nssuniod a light bine colour, bo gently ignited in 
contact with tlio air, and then digested in wator, tbo wator takes up 
forrocyanido of pottissium ba.ving a slight alkaline reaction, together with 
a siiiall quantity of sulphate of potash, and loaves a black mixture which, 
wlicn treated witli hydrochloric acid, gives o/I' hydrogon gas, with a 
trace of Bulphui-ottod hydrogon; but after strong ignition in tho air, tho 
wator extracts forrocyanido of potassium having a strong alkaline roao- 
tion, together with a trace of snljdiato of ])otiish, and leaves iron mixed 
witli a considerable (piantity of sulphide of iron. Hence tho light blue 
rosiduo is a eompound of cyanide of iron with forrocyanido of potassium 
and suljihato of jiotasb. If tho light blue rosiduo bo digested with aqua- 
regia till it becomes dark blue, tho resulting yellow liquid contains a 
certain quantity of ferric oxide, but no 8u]])liuric acid. It it bo thou 
tboroiigbly washed, tho greenish yellow wash-water oentains forri- 
oyanido of potassium, and tho washed pi-ussian blue, when ignited,, 
yields noithor forrooyanido of potn.ssiiim, sulpbato of potash, iiiotallio 
iron, nor sulphide of iron. (Wackenrodor, iV. 7/r. Arch, 29, 47.) 

2 . To this head properly belongs also tho white precipitate obtained 
by mixing a ferrous salt with forrocyanido of potassium; this procijiitato, 
as shown by Proust, Robiijuot, and Berzelius, is not pure pi-otooyaiiido of 
iron, but likewise contains forrocyanido of potassium: 

2K3FoCy” + 2FeCl = 2KC1 + KSF(iCy»,3FcCy. 

To obtain this precipitate perfectly white, and not coloured by prussiaii 
blue, tho forrous salt must bo jiM-foctly free from admixtnro of ferric salt; 
tbo aqiiooiis solution of forrocyanido of pota.ssiiim must bo thoroughly 
frcoil from air by boiling, and tho air must bo excluded as complotoly as 
possible during the mixing. Tho solution of forrons sulphite and hypo- 
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- White precipitate m PhnT- “'ocyanule ot potassium, 

same eud may be^attainpd j Phil. Mag. Ann. 1 , 72 .) The 

^ .»<! or o’oULm 

with water oootaining'^sul^^te'i?’ ^ong-oontinued wasliiiiw 

unless It lias turned blue bv nnni“ f Mrogen and liydrocblorio acitT 
P^ate and ferrocyanitof .-5; (Robiquel) Ferrous sS 

>^teu 12 parts of the latterVe^! ““, one another completely, 

parts of the former- f^r ai solution either with P. 10. nr 11 


n-owro rhuu lerroeyanide of potassinm ^ • -V ireri'ous sub 

>^teu 12 parts of the latterVe^! ““, one another completely, 

parts of the former; for the ? solution either with 9 , 10, or 11 

urbidity, either with ferric salts or w!H pj’ecipitato exhibits no 

the precipitate obtained with 0 nts nf ferrooyanide of potassium. But 
of potassium to the water with whinf"P fowocyanido 
parts of green vitriol, yields o-rpen 'ol’tained with 11 

parts of green vitriol, do^es not yield eltl.r^^ with 10 

. ^he white precinitafp io ^ l ®alt. (Eobiquet.) 
oxidising agents into prussian bhff^^OnV^® 

h ue colour continually increasW:„ , ®^P°suue to the air, it assumes a 
gves up to the wash-water a conf proportion 

potassium, producinir Tn if ^ peater quantity of ferro- 

abstraction of the potassium is nof ppm "®“1^''’0'1 solution. TIiO 

onyertfed into prussian blue bv to ote till the precipitate is entirely 

and as the washing is generallw^'"^^*^-”®' water containing air' 
B‘on is attained, it follows riui®pf“‘r®^ ’^®^°^'® complete 0^“^ 
foirocyamde of potassium. If ^ ex^^ ^^"® generally contains 

been used in the foTmoi;-„ .p .,®*®®®? of ferrooyanide of nntnsHinm 


z: “ ‘‘‘'“'“OU, It follows that cnmmir- 1 ®®F® Complete oonvoi 

foirocyamde of potassium. If ^ ex^^ ^^"® generally contain 

tlirir ‘'^® f®^“ation onim whif ^®^'^®Py.‘^^ido of potassium ha 
w^h!^ containing air belinl + tl’o iatter, wbe; 

WMhed with water containing LvdS ? i* >^0 thei 

fInV u-ater, the J^h evaporation, and ther 

^ Th^e theo • ' ° Kobi- 

‘i* “»wi' Jin 

M tlmi ‘^® separated W assumption would be 

a U PteiwuriTtaLv” ” * "w * 

ss*; ?»"p r.r:^ 5 f' 

In that case, however th ^ <K“PeCy3 + oFeS’CyS + 13K0 

1™:., p... 

W lh’tf"™?]® potaab (but w WID 

^ .Ph ^ I®**! V“°"°®'’'’®"’at®); also 

"" -airiR*™ I‘ Ii^Wise't,?r“‘ presence 

fSrh" “pon If, that salt . *. ”® [’iue immediately 

(S^bem): ^ being thereby convert# 

-f. aFelCIT _ ,TOpl» 

3 PeOI + Pe 7 Cy». 
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An aqueous solution of reel prussiate of potasli likowiso converts it into 
Prussian blue, with formation of yellow prussiate. (Selibnbein, J. pr. 
Ghem. 30, 150.) In this case, prussiaii blue A is probably formctl: 

3KFe=Cy'' n- K»Ft;=Cy'' = 3IC-FcCy“ + Fc'Cy". 


Ferricyanide of Iron and Potassium. C“N''Po'-K,C“N=Fo==KFo'Cy“. 
Williamson. {Ann. Plumn. .07, 228.) 

PnissUmeii-Prussemcrlcjial. (Giu.) 

Tlio white compound KFo'Cy’, ju.sLconsidered (pp. 474—470), is con¬ 
verted into this blue sidistaiico when treated with cliloriuo, nitric acid, or 
sulphuric acid. 1 ])t. of tho white compound is di/fc.stod in a basin with 
1 pt. nitric acid and 20 pts. water, tho liquid being con.stantly stirred. 
As tho tomporaturo ap])roaebos tho boiling-point, the compound begins 
to turn blue and nitric oxide is evolved; as soon as this evolution of gas 
bocoinos rapid, the basin must bo removed from the lire; tho gas however 
continues to escape till tho solid coinpouml has assumed a deep blue 
colour. If tho colour bo not deep onough, tho conqiound mu.st bo again 
heatod with fresh nitric acid, till a sainjilo <loconipoHcd by camstie jiotash 
110 longer loaves forroso-forrio but pure ferric o.xido. The ])rodn(it is then 
to bo washed till tho wash-water no longer loaves a resiiluo of nitro on 
evaporation.—If tho action of tho nitric acid has boon too strong, tho 
resulting bluo compound wbou treated with potash yields tho rod instead 
of the yellow jirussiato, and is then useloss. 

When dry, it exhibits a very beautiful violet colour, with soarcolyany 
coppery lustre. Tho recently precipitated oompound, suspended in water, 
appears groon by Iransmittod light. 


Pried al 100°. 


Williamson 

2.1 C . 

.... 144'0 . 

... 20’71 

2M1 

12 N . 

.... 1G8-0 . 

... 24’lfi 


2 K . 

78-.1 . 

.. 11 ’27 

10'7.'> 

8 Fo. 

.... 22.10 . 

.. 32'21 

32-.1.') 

0 no . 

81-0 , 

.. ll'GS 

11 --11 

2KVo'Cy",9nO. 

.... (i95-4 . 

.. 100 00 



Ma.y also bo regarded as KFo^Cy’jPo^Cy'’, that is to say, as forri- 
oyanido of potassium in which 2K are rofilacod by 2Fo (Williamson), 
or as Prussian bluo A in which IFo is replaced by IK. 

By further boiling with nitric acid, this blue compound is converted 
into a dark groon substance, which appears to bo identical with Polouzo’s 
.f-cyanido of iron. It is docomiHisod by aqueous potash, yielding forro- 
cyanido of potassium and 25‘5 per cent, of ferric oxiilo. ['Flic culculatcd 
quantity is 23 per cent.] 

KFe'Cy" + 3KO =. 2K2FeCy» + Fe-0^. 

An excess of tho bluo compound heated with anueous solution of yellow 
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blue compound is converted into a palo blue powdov containing 1-^ times 
as inucb potassium as the original substance (Williamson); 

IC-iPo^Cy's + 214^60^3 = KSFe-Cy" + lUTeTy". 

This blue powder K^Fo'Cy’* may bo regarded as a comjiound of KFo^Cy" 
with 2KFo“Cy“, or of 1 At. forrieyamdo of potassium with G At. proto- 
cyanide of iroii = K®Fo'“Gy’’-t-6FoCy. 


Ferrocyanide of Sodium. Na=FoCy»=C“N“FoNa’. 

Fcrrojirussiaie af Soda, Uydropi/anato nf Fcmins Oxide and Soda J Eiri/ach- 
CyaneiscnnntHnm, EimiOlausaures Natron, blausanrcs Eiscnoxydnl Natron. 


Gonorally obtained bjy addin" prnssian blue to caustic aoda-aolntion as 
long as tho bluo colour is tlioroby changed to brown,—then filtoriiig and 
cryatallixing.—Tho anbydroua compouml has not been studied, Tho 
crystals are palo yellow, trans[iaront, rhombic and hexagonal prisms, 
somotimes with dihedral, somotinios with fonr-sided summits,—or nocdlos. 
(John.) Shining, very brittle. Belong to tho oblique prismatic systom. 
{Fig. 115°); u' ; 40'; u ; i=139° 50'; u : m=130“ 10'; i : i= 

13G-'' 48';/ : <=128° 37'; n : a. 6«ctortn?s=104° 8'; a : t=127® 40'; 
a ; m=liT 5G'; no cleavage-pianos. (Biinson, Fogg. 36, 413.) Sp, gr. 
1'45S. 'Taste slightly saline and bitter.—In warm dry air, the salt 
ofllorosocs to a white powder, soluble in 4^ pts. of cold water (in 1 pt. 
according to Ittnor), in a smaller quantity of boiling water, but insoluble 
in alcohol, (John, W. ffeAl 3, 171.) 

CnjelalUzod. Ucrzeiius. Or; Ittnor. 


0 C . ;Ui-0 .... 1.1-82 2 NiiO.... 02’.1 2,'i'OG .... 2:1 

3N . ■12'0 .... l(i-i;i I'V.O.... .'Ki'O L'1-K2I „„ 

Fo. 28'0 .... 10-75 3 HCy,,.. 81-() .... .'il'llj. 

2Nn. 4fl-4 .... 17-82 

12 HO . 108-0 .... 41-48 .... 30 3 110,,.. 81-0 .... 31-11 


Nu5FoCj»,12IIO 200-4 .... 100-00 200-4 .... 100-00 


Ferrioyanide of Sodium. 3NaCy,Fo'*Cy''=C'>N»Na'',C'’N’Fo’. 

Prepared by passing chlorine gas through tho aqueous solution of 
ferroevanido of sodium, till tho liquid no longer gives a blue prodpitato 
with iori-io salts—evaporating—filtering, to so[iaratn prussian bluo and a 
yellow powder—n,gain ovaporating tho solution till it (iryslalli-/!oa, and 
purifying tho crystals by reci-yslnllization. (Kranior, J. J'harm. 15, 1)8.)— 
Or tho liquid, after being treated with chlorine, may bo ooiu-.ontratod by 
evaporation, and mixed with alcohol, which acooloratos tho purification; 
the alcoholic filtrnto, which is yellowish green by rollcotod, but rod by 
transmitted light, loft to evaporate sjiontanoously; tho crystals dissolved 
in water, and tho solution mixed with alcohol again loft to evaporate. 
(Bette, Ann. Pliarm. 23,117.) 

Buby-coloured, right four-sided prisms, with truncated lateral edges, 
and yielding an orange-yellow powder. (Bette.) Green, transparent, four¬ 
sided prisms, ofiloresoont, and molting at 50°. (Kramer,) [Did Ki-araor’s 
gait contain more water of orystallbation ?] 
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The crystals decrepitate 'when heated, acquire a green colour, fuse 
■with strong decrepitation, but are not completely decomposed even by 
long-continued ignition. ^ When digested for some time with nqua-regia, 
they form a brown solution. This salt, when its powder is heated with 
oil of vitriol, behaves like the corresponding potassium-salt (p. 47), 
exhaling a peculiar odour, becoming pale yellow, and then bluish white 
and viscid, and finally giving off a large quantity of gas, and leaving a 
residue of sulphate of ferric oxide and soda. (Bette.)—The salt deliquesces 
in the air (Bette ); dissolves in 5-3 pts. of cold and 1-25 pts. of boiling 
water. The yellow solution exhibits a greenish tinge, stronger in pro¬ 
portion to the degree of concentration. (Kramer.) The salt is very 
sparingly soluble in alcohol (Kramer), but alcohol does not precipitate it 
from the aqueous solution. (Bette.) 


Crystals dried at 100°. 


Bette. 

3 Na. 

69-6 ... 

23-23 

22-73 

2 Fe. 

56 0 ... 

18-69 

18-28 

0 Cy. 

156-0 .. 

.. 52-07 


2 HO . 

180 .. 

.. 6-01 


3NaCy,Fe2Cy^ + 2.\q. 

299-6 .. 

.. 100-00 



The water more probably amounts to 3 At. 


Ferricyanide of Potassium and Sodium. 

K=Na’Fe*Cy'’ = 3KCy,3NaCy,2Fe®py5 = C“N’K^C'N»Na^C'*N»Fo‘= 
3KCy,Fe’Cy^ -)-3NaCy,Fe'“Gy’. 

When a mixture of the ferricyanide of potassium and sodium is dis¬ 
solved in water, and the solution abandoned to spontaneous evaporation, 
the double ferricyanide is deposited in fine, garnet-coloured, cubic crystals. 
Those crystals are anhydrous; when gently heated in a tube, they 
decrepitate and crumble to powder, but do not give off any water.—On 
one occasion, the mixed solution deposited large, black-brown, hydrated 
crystals having the form of hexagonal prisms, with angles nearly =120°, 
and rounded at the base; but on redissolving them, the solution yielded 
crystals of the cubic salt. The hydrated crystals do not give off their 
water at 100°, but at a somewhat higher temperature the water escapes, 
and the crystals decrepitate and crumble to powder. (Laurent, Compt, 
mensuels, 1849, 324; abstr. Jaliresber. 1849, 291.) 

Anhydrous. Laurent. Hydrated. Laurent. 


24 C. 144 .... 23-6 24 C .... 144 .... 20-1 

1-2 N . les .... 27-6 12 N .... 168 .... 23-4 .... 

4 Fe . 112 .... 18'3 .... 18-7 4 Fe .... 112 .... 15 o .... 16-5 

3 K. 117 .... 11-3 .... 11-0 3 K .... 117 .... y? .... 10-0 

3 Na . 69 .... 19'2 .... 20-5 3 Na ... 69 .... 16-3 .... 16-4 

12 HO 188 .... 15-0 .... 14-5 


3KCy,3NaCy,2Fe2Cj'3 610 .... 100 0 +6Aq. 798 


According to Laurent’s equivaienta, the formula of tlie anhydrous salt is C®N%,KlNai, 
and that of the livdrated salt, C^N%, K^Na^ H- Aq. [fe = Femeum = ^ • 28]. H 
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blue compound is converted into a pale blue powder containing l-j times 
as mucli potassium as llm original substance (Williamson): 

K^FexCy'^ + 2IC=FeCy» = I^Fc^Cy" + IC‘Fe''Cy''->. 

This bliio powder may bo regarded as a compound of KFo^Cy'’ 

■with 2Kli’o“Cy^, or of 1 At. ferrioyanido of potassium with G At. jiroto- 
cyanido of irou=K^Fo“Cy”+CPoCy. 


Ferrocyanide of Sodium. Na“FoCy3=C''N=PoNa’. 

FerrOjirussiale of Sada, Uydrocyanalo of Ferrous Oxide and Sodaj Eitfach- 
Cyanciscunatrinm, Eisenblausaures Natron, blausuures Eiscnoxydul Natron, 

Gonorally obtained by adding prnssian blue to caustic soda-solution as 
long as tko bluo colour is tlioroby cliangod to brown,—tben liltoriiig and 
oryistallizing.—The anhydrous compound lias not been studied. Tho 
crystals are pale yellow, transparent, rliombic and liexagonal prisms, 
sometimes with dihedral, sometimes with four-sided summits,—or noodles. 
(John,) Shining, very brittle. Belong to the oblique prismatic system. 
{IHg. ],1.5“); It' ; ji=‘99'" 40'; u : <=130° 50'; w : ot=130° 10'; i : i= 
136'' 48';/ : <=128° 37'; a : a hackwards=\QA° 8'; a ; f=127® 40'; 
a. \ m=127° 56'; no cloavago-plnnos. (Bunsen, Fogg. 36, 413.) Sp. gr. 
1'4.58. 'fasto slightly saline and bitter.—In warm dry air, tbo salt 
odloroscos to a white powder, soluble in 4^ pts. of cold water (in 1 pfc. 
according to Ittuor), in a smaller quantity of boiling water, but insolublo 
ill alcolibl. (John, W. GeM. 3, 171.) 

Crystallized. Berzelius. Or: Ittuor, 


C C . 3(i'0 .... 13-82 2 NuO.,.. C2-4 .... 2,’i-OC .... 23 

3N . 42-0.... 16-13 FeO.... ,3(l-0 13-821 „„ 

Fo. 28-0.... 10-75 3 11Cy.... 810 Sl-llJ-' 

2 Nr . 4G--1 .... 17-82 

12 HO . 108-0,... 41-48 .... 39 3 110 „„ 81-0,.,. 31-11 


WFoCy",12110 200-4 .... 100-00 2C0-4 .... 100-00 


Ferrioyanide of Sodium. 3NaCy,Fo“C/=C»N®Na“,C'>N=Fo’. 

Prepared by passing chlorine ^jas through tho aqnooua solution of 
forrocyanido of sodium, till tho liquid no longer gives a bluo prccipitato 
with forrio salts—evaporating—filtoring, to soparato iirnssian bluo and a 
yellow powder—again ovapornting tho solution till it crystallizes, and 
purifying the crystals by rccrystallization. (Krainor, J. Pharm.15, 08.)—■ 
Or tho liquid, after being treated with chlorine, may bo concoutratod by 
evaporation, and mixed with alcohol, which aocoloratos tho purifioation; 
tho nlcoholio filtrnto, which is yellowish green by rofloctod, but rod by 
transmitted light, loft to ovaporato spontaneously; tho crystals dissolved 
in water, and tho solution mixed with alcohol again loft to ovaiiorato, 
(Bette, Ann. Pharm. 23, 117.) 

, Raby-col cured, right four-sidod prisms, with truncated lateral edges, 
and yieuling an orange-yellow powder. (Bette.) Green, transparent, four- 
sided prisms, efflorescont, and molting at 60°. (Kramer.) [Did Kramor’s 
salt contain more water of oryatalliiation ?] 
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The crystals decrepitate when heated, acquire a green colour, fuse 
with strong decrepitation, hut ai’e not completely decomposed even by 
long-continued ignition. When digested for some time with aqua-regia, 
they form a brown solution. This salt, when its powder is heated with 
oil of vitriol, behaves like the corresponding potassium-salt (p. 47 ), 
exhaling a peculiar odour, becoming pale yellow, and then bluish white 
and viscid, and dually giving off a large quantity of gas, and leaving a 
residue of sulphate of ferric oxide and soda. (Bette.)—The salt deliquesces 
in the air (Bette); dissolves in 5‘3 pts. of cold and 1’25 pts. of boiling 
water. The yellow solution exhibits a greenish tinge, stronger in pro¬ 
portion to the degree of concentration. (Kramer.) The salt is very 
sparingly soluble in alcohol (Kramer), but alcohol docs not precipitate it 
from the aqueous solution. (Bette.) 


O'yslals dried at 100®, 


Bette. 

3 Na. 

69-6 ... 

. 23-23 

22-73 

3 1-0. 

56 0 ... 

. 18-69 

18-28 

0 Cy. 

156-0 ... 

52-07 


2 HO . 

18-0 ... 

.. 6-01 


3NuCy,Fe’Cy^ + 2Aq. 

290-6 .. 

.. 100-00 



The water more probably amounts to 3 At. 


If Ferricyanide of Potassium and Sodium. 

K’Na’Fe^Cy'’ = 3KCy,3NaCy,2Fe’'Cy» = C“N“K^C'NW,C'*NW = 
3KCy,Fe*Cj'-^-3NaCy,Fe*Gy^ 

When a mixture of the ferricyanide of potassium and sodium is dis¬ 
solved in water, and the solution abandoned to spontaneous evaporation, 
the double fei'ricyanide is deposited in fine, garnet-coloured, cubic crystals. 
These crystals are anhydrous; when gently heated in a tube, they 
decrepitate and crumble to powder, but do not give off any water.—On 
one occasion, the mixed solution deposited largo, black-brown, hydrated 
crystals having the form of hexagonal prisms, with angles nearly =120°, 
and rounded at the base; but on redissolving them, the solution yielded 
crystals of the cubic salt. The hydrated crystals do not give off their 
water at 100°, but at a somewhat higher temperature the water escapes, 
and the crystabs decrepitate and crumble to powder. (Laurent, Oompt. 
menmels, 1849, 324; abstr. Jahresber. 1849, 291.) 


Anhydrous. Laurent. Hydrated, Laurent. 


24 C. 144 .„. 23-6 24 C .... 144 .... 20'1 

12 N . 1C8 .... 27-6 12 N .... 168 .... 23'4 .... 

4 Fe . 112 .... 18-3 .... 18-7 4 Fe .... 112 .... IS'S .... 16'5 

3 K. 117 .... 11-3 .... 11-0 3 K .... 117 .... 9-7 .... lO'O 

3 Na . 69 .... 19-2 .... 20-5 3 Na ... 69 .... IG’3 .... 16-4 

12 HO 188 .... 15-0 .... 14-5 


3KCy,3NuCy,2Fe2Cy= 610 .... lOO'O +6Aq. 798 

According to Laurent’s equivalents, the formula of tlie anhydrous salt is C’N%,KiNal, 
tlinr nf JivrtrafBd aiiU.. KlNai + Ao. ffe = Ferricum = 3 . 281. H 















Ferrocyanide of Barium. Ba“FoCy''’=C“N'’FcBa^ 

1 . Prussian blue is added to boiling baryta-water, as long as its blue 
colour is tliovoby cliangod to brown,—after wlucb tho liquid is filtered at a 
boiling heat, and left to crystallize by cooling. (W. Henry, Srhiv. J. 0, 672.) 
The salt being very sparingly sohiblo, tho residue must bo ropoatodly 
boiled with water. Tho crystals may bo purified by recrystallization. 
(Berzelius.)—-2. Tho aqueous solutions of 211’4 pts, (1 At.) of crystal¬ 
lized forrocyauido of potassium and considerably nioro than 24-1 pts. 
(2)At.) of crystallized chloride of barium are lui-Kod at a boiling boat, 
and the crystallino powder which separates on cooling, again boiled with 
aqueous chloride of barium. If tho cldorido of barium bo not used in 
excess, tho product is a compound of forrocyauido of barium with forro- 
cyanide of potassium. (Duflos, 65, 263.) — 3. Forroprussio acid is 
saturated with baryta-water or carbonate of baryta, tho whole boiled 
with water, and filtered. {Berzelius Lehrh.) 

The crystals thus obtained are small, yellow, trausparont, rhomboldal 
parallolopipods (W. Henry); oblique rectangular prisms. (Bunsen, Poyy. 
36, 416.) Fiff. 92; tho w-faco large; tho t-faco small; i : ot=142“ 49', 
m : 1=00°. (Buuaon.) They are not decomposed by more exposure to 
the air, but at 40" they give off their water and become white and opaque. 
Of tho 6 At. water whicli those crystals contain, only 5^ At,, or 10'56 per 
cent. (16'59 p. o. according to Porrett), are given off at a heat which they 
can hear rvithout further decomposUion, the remaining At. water heiug 
obstinately retained. (Derzoliua.) Tho residue docomposos at a rod lioat 
(without fusing, according to Dufies), more readily than forrocyauido of 
potassium, into nitrogen gas, cyanide of barium, ami carhido of iron. 
When tho ignition takes place in contact with air, tho rc.siduo consists of 
ferric oxide and carbonate of baryta. (Berzelius.) 7 parts of tlio salt 
boiled for an hour with 10 parts of mercuric oxido ami with water, yield 
a filtrate containing baryta, cyanide of moroury with a small quantity of 
mercuric oxido, and a residue consi.sting of fon ic oxido, mercurous o.xido 
and mercury. With mercuric sulphate, tho barium compound bobaves 
like ferrocyanide of potassium (p. 465). (Duflos, Bc/av. (i/i, 114.)—Tho 
crystals dissolve in ,584 parts of cold water, according to Dulles; in 1800, 
according to Porrett; in 1920, according to Thomson; and in 100 parts 
of boiling water, according to Thomson; in 116, according to Duflos. 
Sulphuric acid added to tlio solution throws down tho baryta, leaving 
ferroprussio acid in solution. (Porrett.) With oil of vitriol, tho crystals 
form—less easily, however, than fcvrocyauido of potassiun;—a solution 
which, when exposed to a damp atmosphere, jfiolds crystals docom- 
jposiblo by water, tlio products of tho docomposition being snlpliato of 
baryta, ferroprussio acid, and free sulphuric acid. (Borzolliis.)—On passing 
chlorine through tho aqueous solution, it hocomes turbid, acquires a 
greenish yellow colour, deposits a green powder, then hocomos brown and 
dark rod, and is doconiposod on ovaporation, depositing a bluish white 
powder, but yielding no crystals, (Kramer.) 


Crt/slallhed. Borzellua. 


2 Ba. 

. 137-2 .. 

.. 40-10 

45-80 

Fe. 


.. 9*‘13 •... 

0-28 

3 Cy. 

. 78-0 .. 

.. 20-24 


6 HO . 

. 54 0 .. 

.. 18-17 



Ba^FeCy^BAq 


297-2 .... 100-00 










Green Ferroct/anide of Barkm. —Wlion tlio yollow salt is pvopavod 
y digesting prussian bluo with baryta-wator, and then filtering and 
lystallizing, tlio isomeric green modification remains in tlie moUior- 
quid. This solution gives no procijiitato with alcohol; with ferric salts 
, yields prnssian bluo. When loft to evaporate slowly in the air, 

; deposits small crystals of nitrate of baryta, at the same time losing 
,s green colour; too colour may, however, ho restored by j)ouring 
Icohol on the dried residue, and exposing it for a while to the sun. 
IJerzelius Lehrh.) 


i'errocyanide of Barium and Foiasnwn. KBaFoCy’=K“FoCy’,Ba''FoCy’. 

Obtained by precipitating a solution of a baryta-salt, not too dilute, 
nth forrocyamdo of potassium. (Mosandor, jPor/y. 2.'), 390.) Tho forro- 
yanido of jiotassinm must bo in excess. (Dufies, Schw. C5, 238.) On 
uixing a boiling solution of 1 pt. crystallized chloride of barium with a 
olution of 2 pts. crystallized forrooyanido of jiotassium, also at a holi¬ 
ng heat, tho compound erystallizos out on cooling.. (Bunsen, Fogg. 3G, 
.10.} 

Liglit yellow crystals. (Duflos.) Slightly obtnso, truncated rbom- 
lohodrons. Fig, 1.53; p : r= 118“ 03'; r : F = 81“ 21)'; r or r'^ ! >•’ = 
)8“ 33'; oloavago luirallol to r, (Bunsen.) Thu crystals give ofi’ 0 per 
lent, of wntor when hoatod in tho air, fusing at a rod lioat, and leaving 
brrio oxide mixed with potash. (Dufies.) They dissolve in 38 pts. of 
lold, and O'O pts. of boiling water (Dullos); in 30'38 pts. of water at 14°, 
ind in 11'85 of boiling water. (Mosandor.) 

Crystallized. Diiflos. 

K . 39-2 .... IC'28 . 17'33 


Ba. 08-0 .... 28’‘19 30-00 

Be. 28-0 .... U-C3 ll'OO 

3 Cy. 78-0 .... 32'39 

3 HO. 27-0 .... l)-2l 


Kliul''uCy“,3Aci. 210-8 .... 100-00 


Mosandor gives tho same formula for tho crystals. 


Ferricganide of Barium and Bolasskm. KBa'Cy’jFo^Cy’. 

Chlorine gas is passed through tho aqueous solution of tho proooding 
salt, till it retains tho odour of chloriiio aftor agitation; tho excess of 
chlorine is expelled by boat; a small quantity of alcohol added; tho liquid 
filtered from tho prussian blue, and left to ovaporato; tho larger crystals 
of tho double forricyanido separated from tho nocdlos of forricynnido of 
potassium which attach thomsolvos to thorn; and lastly, purified by 
rocrystallization. Short six-sided prisms composod of lainollu) radiating 
from a centre. Iloddish black, but exhibit a dark-red colonr by trans¬ 
mitted light when in thin lamina); yield a brownish yellow powder; 
permanent in tho air. Tho powder when hoatod bakes together without 
fusing; gives off hydrocyanic acid and water; dissolves readily in water; 
and IS precipitated from tho solution by a largo quantity of alcohol. 
(Bette, Ann. Pharm. 28, 138.) 

VOL. yir. 2 I 
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Crystallhcd. 


Bette. 

K . 


.. 8-86 

8-97 

2 Bn. 

. 137-2 . 

.. 31-01 

30-54 

2 Fe . 


.. 12-G() 

12-48 

G Cy. 


.. 3D-2G 


0 HO . 


.. 1-2-21 


KBa^CyS 

,Pe2Cy3 + 6Aq. 442-4 . 

... 100-00 



Ferrocyanide of Strontium. Sr^FeCy^ = C‘N®FeSr®. 

A aolution of ferroprussic acid in alcohol and water prepared aeoor 
ing to 2 (p. 429), is digested with'carbonate of strontia till tho alcohol 
evaporated. Tho filtrate is then concentrated by evaporation, whorcupf 
a considerable quantity of green matter, probably prussian greon, is d 
posited, and imparts a greenish colour to the crystals; hence they iiiu 
be purified by repeated solution in water, filtration, and crystallizatic 
till they exhibit a pure yellow colour. (Bette, Ann. Phfirm. 22, 148.) 
W. Henry (Seller. J. 3, 674), by digesting prussian blue with stroiiti 
water, and evaporating the filtrate, obtained no crystals, but a wlr 
mass, which was not decomposed by exposure to the air. Botto, 
digesting prussian blue with carbonate of strontia and water, and th 
filtering and evaporating, obtained a red substance, probably rod 2 ’riissil 
of potash, which sometimes occurs in prussian blue. 

Pale yellow rhombic prisms, having their lateral edges doep 
truncated. (Bette.) The crystals effloresce readily, turning white, ft 
giving ofli’21 per cent. (7,^ At.) water. When heated in tho wator-bfl' 
they give off 38'G per cent. (14 At.) The last atom of water uqipoavs 
be retained till the temperature rises to the point at which the compou 
is decomposed. Tho crystals dissolve in 2 pts. of cold, and loss th 
1 pt. of boiling water, and are slightly soluble in alcohol. Carbonato 
ammonia added to the aqueous solution throws down all the strontia 
the form of carbonate. (Bette, Ann. Pharm. 22, 148.) 


Crysiallized. 


2 Sr. 

..... 88 ., 

... 26-75 

Pc... 

. 28 . 

... 8-51 

3 Cy. 

. 78 ., 

... 23-71 

15 HO . 

. 135 ., 

... 41-03 

SrTeCyi>+15/tq. 

. 329 . 

... 100-00 


2C-34 

8-36 


Ferrocyanide of Cddum. Ca^PeCy®. 

^*“0 with milk of lime not in ox^ 
nf PH. 1,5^to the air till the free lime is precipitated in 
evaporati^. (Ittner.) The syrupy solu 
ate laryatals ^er a few days. (Berzelius, Schw. 30, 12 ) 

truncated at the obtuse sumt 
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off water, togotlior with a Binall quantity of carhonato aiul hyarocyaiiate 
of amiuonia; at a lioat uoar redness the residuo oxhibits a faint idow. 
Tho salt vvhon burnt in tho air leaves a rcsidno of ferric oxide amFcar- 
bonato of limo, (Ik'rzoliiiH.) Tho salt dissolves readily in water (Eiiff. 
Marclnmd); according to Ittnor, who howover did not obtain it in the 
crystallized state, it doliquoscos ovoii on oxiiosnro to tho air. It does not 
disaolvo in alcohol. 



CiyxluUi~eil, 


Berzelius. 

2 Cn. 


... l.'i-7.'i 

1.5-.05 

P«. 

. 28 ., 

... 11-02 

10-08 

11 tiy. 


... :io-7i 


12 llO ... 

. lOH . 

... •12-5'2 



- 12Aq . 251 

... 100-00 



Tho following basic. coniponndH, which h.avo not yot been fully exa¬ 
mined, also hulmig to this head: 

1 . When |)rnHaian blue is digentod with lime, even in excess, a rcsidno 
is loft, couHistnig, not of iiuro forric oxide, but of a light, ochro-y cllow sub- 
stauco. (Dorzolius.) 

a. When jirussian blno is boiled with excess of limo, the filtrate 
cloposits a darlc carmiiic-colourod imisH in ainorphona laniinaj. Boiling 
I)otash-loy acting upon this mib.stano.o fornis forroeyanido of potassium, 
and loaves a residue of cM^'h(mat(^ of limo, wldeli is lirst white and after¬ 
wards hluo, and aftor wasliiiig (lissfdves in hydrochloric acid, forming a 
trnnsparoiit and colourlesH ruiuid. Tho rod nuuss boiled with strong nitric 
acid or iiqua-rogia yields a clear brown solution, which oxhibits with 
potash and sulpliurottod hydrogon tho purple colour montioned on page 
4GTj it is moroovor froo from conpor. (Gm.) 

3. Wliori tho salt KCaFoCy® is hoatod in tho air, and then dissolved 
in water, tho solution acquires a bright crimson colour on exposure to tho 
sun (oven if it bo kept from tho air, and potash added to it), but becomes 
colourless again in tho shade. Tho solution must bo alkaline, and must 
contain still uudacomposed ferrocyaiiido of potassium; hut on pi'ccipitating 
it with a coppor-salt, the solution loses tho power of turning red in tho 
sun, hut rccovoi'H it on llio addition of forroeyanido of potassium. The 
roddoning is also dostroyed by a bout of ■'50“, hut reappears on exposure to 
tho sun aftor cooling. The rod solution ovaporatod in auusliiuo loaves a 
onrmino-coluiU'cd residua. Tho roddoning cannot ho attributed to the 
oyaimto of poUiHli which is formed when tho abovo-mentioned double salt 
is hoatod in contact with the air; for ovou after it has been licatcd in a 
covered crucible, tho solution of tho rosiduo turns rod on exposure to tho 
SUM. Ao.uIh addod to tlio reddonod solution soniotimos throw down a 
rod, forriiginoiis iiowdoi’, which is docolorizod by carbonate of potash. 
(Campholl, Ann, I’harm. 28, 54^.) 

Fervideyanide of Calcium. .3CaCy,Fo“Cy®.—Obtained by carefully 
treating tho miucous solution of tho /orrocyanido with chloriiio.—Fmo, 
aurora-coloiirod necidlos, which yield an orango-yoHow powdor.--Wheu 
hoatod to rodnoss in tho air, they givo off water, hydrocyanic acid, and 
aniniouia, iisauining a grooiv colour at Uio comnicucomont, atia leave a 
rosiduo consisting of forrio oxulo and carhonato of limo. Ii>olique.sceut, 
not procipitated from tlio aqueous solution by very strong alcohol. 
(Bette, Ann, Fharm. 23, 110.) 












3Ca. 

CO ., 

.. 15-79 

15-17 

2 Fo.. 

56 .. 

.. 14-74 

14-95 

6 Cy. 

156 . 

.. 41-05 


12 HO . 

108 . 

.. 28-42 


3CaCy,Fe2Cy8-H2Ati. ... 

. 380 . 

.. 100-00 



Betto supposes that the crystals contain only 10 At. water. 

Ferrocyankle of Calcium and Potassium. KCaFcCy^=K^I'oCy*, 
Ca’^PeCy®.—Formed by precipitating the solution of a Ihno-salt, not too 
dilute, with [an excess of] fcrrocyanidc of potassium; the precipitate 
gradually increases. (Mosander, Pogg. 25, 301.) The calcium is com¬ 
pletely precipitated, oven when the solution of the lime-salt contains only 
ToVtt pb of lime, provided the ferrocyanide of potassium bo added in groat 
excess. A very dilute solution of gypsum does not indeed yield a pre¬ 
cipitate with solution of ferrocyanide of potassium; but if it bo saturated 
hot with crystallized ferrocyanide of potassium, tho precipitate is pro¬ 
duced; precipitation is likewise produced by a small quantity of forro- 
oyanide of potassium, provided the mixture be saturated while hot with 
sal-ammoniac, common salt, or iiilro. (Campbell.)—The lime-solution 
must be quite neutral, because the precipitate is soluble in acids. In hot 
solutions the precipitation is complete in a moment. (Eng. Marohand, 
J. Ohim. mid. 20, 558.) 

Tho yellowish-white precipitate adheres closely to tho sides of tho 
vessel. (Marchnnd.) When dry, it forms a white crystalline powder. 
(Mosander.) When gently heated and dissolved in water, it yields a 
liquid which turns red in the sun {vid. svp.). When set on nre after 
drying, it continues to glow till it is converted into ferric oxide, oyanato 
of lime, and cyanato of potash. (Canqjbell, Ann. Pliarn. 28, 53.)—Tho 
salt is decomposed by long washing, with formation of metallic forri- 
cyanidos and separation of ferric oxide on tho surface. It dissolves in 
nitric acid of sp. gr. 1'2, without any evolution of gas, and forms a dark 
brown liquid, which becomes re<l-brown when diluted, and yields no pre¬ 
cipitate with ammonia, but a blue precipitate with ferrocyanide of 
potassium {comp. p. 461). It dissolves in dilute hydrochloric acid; con¬ 
centrated hydrochloric acid precipitates tho salt from it unaltered, and 
potash throws down hydrate of lime. Tho salt dissolves in 795 pts. of water 
at 15°, .and in 145 pts. of boiling water. The latter solution is yellow, 
yields no deposit on cooling, gradually ac([\iires a greenish tint, fuul then 
forms a precipitate with oxalate of ammonia (which before it did not), 
(Mosander? Berzelius Lehrb.) 



Dried at 70°. 


E. Mui-cliaml. 

IC. 

. 39-2 . 

. 20-39 

20-34 

Ca . 

. 20-0 . 

. 10-41 

10-49 

Fe . 

. 28-0 . 

. 14-57 

15-00 

3 Cy . 


. 40-58 


3 HO . 

. 27-0 . 

. 14-05 



KCaFeCya-rSAq. l'J2’2 .... lOO’OO 

According to Mosander, the precipitate is anhydrous. 

_ Ferrocyanide of Magnesium. Mg'^FeCy^—By aaluratin" forroprussic 
acid with carbonate of magnesia and evaporating tho lutrato, small 
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iiootllca ai'o obtained of a very palo yellow colnuv, and united in stellate 
gi'oiijw, Tlioy lire jjorinanont in the air, retain their form wlion ignited, 
blit aei|iiiro a deeiior yellow colour. They dissolve in 0 jits. ot cold water, 
forming a iialo yellow solution, whieli is only preei])itatod by oiirbomilo of 
aiiinionia or oarboniito of soda from botsolutuma. (llotto, j'lHn. Pharm, 22, 
28, ri."),)—lly boiling priiBsiau blue with magnesia and water, Ittnor 
obtained doliniieseont tallies. 

Cryntnllizcd. Ilctto, 


2 M« . 2-t .... lO'OH lUaB 

Fc. 2H .... U'77 lUB'J 

.'I fly. 78 .... .T2'77 

12 HO . 1(18 .... ■irc.'SH 


MBU'’o(:y' l-l2A(i. 238 .... UU)-()0 

llotto HnpposoH that the cry.stal.s contain 10 At. water. 

Fiu'vidci/anulu of I/af/nesiiini .—The Holution of the preceding salt 
treated v.'ith chlorine, yields on ovanoralion a red-brown, non-orystalliiio 
mass, which, when lioated, gives olf iiydrooyanic acid without fusing, and 
afterwards burns like tinder, leaving ferric oxide and magnesia. Oivos 
off hydroeyanin acid when treated with dilute acids; dissolves riai.dily in 
water, forming a. yellowish green liipiid, which beeoines yellow when very 
dilute, and is not precipitated byalcoliel. It contains DO? percent, of 
magnesium and 12'8.') per cent, ol iron. 

Ferrocyanida of jUafpmium and Ammonimn .—Known only in an 
impuro atato.— a. Gonlamiitg J’oiamum. I'kirmod by mixing a solution 
of a magnoaiarsalt with a anflloiont (piantity of aal-ammoniac, then with 
ammonia, and tiion with ferrooynnido of potaBsium. At ordinary tom- 
poratiiroB, the precipitate takoa aovoral hours to form, but on boiling it 
appears iminediately; it has the form of a heavy white powdor, which 
does not dcoonqiose at 100". Wlion strongly heated in a glass tnbo, it 
gives olT eyaiiogon, liydroeyniuito of ammonia, together with a small 
cpiantity of water, aiiA leaves a black powder, which reliiiiis cyanogen 
oven at a strong red heat, tiud dissolves in 17H pts. of boiling water, 
forming a yellow solution, wbich has a disiigrooably saline taste. 

A (JonUiinmy Calcium. Ii’ormcd by using ferrocyanide of calcium in 
the precipitation instead of Ibe potassium-salt. The white precipitate has 
a tiugo of poacb-blossom colour, and when dry, is not so loose and light as 
a. (liunson, Poyc/. Di, 1-12.) 

The following analyses by Bunsen <lo not admit of iiny stoiohiomotrical 
calculation, probably liecauso the preoiiiitatos ivro mixtures. The pre¬ 
cipitate b is most nearly roprosoiitod by the formula: NIPMgFoCy''’ 
-t-Aq. 

«. 4. 


Nn» . 

. ()'.13 

NH» . 

. lO'SI 

K. 

. >l'Hl 

Cn . 

. 2’2!i 

Mir. 

. 9’91 

Mg. 

. H’.|7 

Fii . 

. 17'-l-t 

Fo". 

. 17-SO 

Cv . 

. 5.V27 

Cy . 

. BfOa 

l/o. 

. .'i-I-t 

110. 

. 7'11 


lOO'OO 


lOO’OO 
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Ferrocyanide of lEagncmmi and Potassium. ICHglToCyL—A solution 
of siili)liato of inagiiosiii, not too dilute, gradually yields this precipi¬ 
tate wlicii mixed with oxeoBH of fciTocyaiiido of potassium. (Mosandor, 
Pofnj, 2.'), 8!il.)—Even very <liluto solutions of magnesia-salts form witk 
forrooyanide of potuHHiuin, especially when lieatod, a copious ycllowisli 
wliito p!'eci])itato wliicli iidhores closely to tlio aides of the vessel, and is 
solulilo in acids. (K. Maroliaiid, J. Chim. mdd. 20, 558.)—White granular 
procipituto, which, after drying, forms a loose anhydrous powder. When 
wa.shod in the air, it is ileeomjiosod in the same manner as the correspond¬ 
ing ealciiim-compound. Dissolvo.s in 1.5-75 parts of water at 15°, and in 
238 pts. of hoiliiig water; tlio latter solution is yellow, deposits nothing 
on cooling, ami soon turns greenish on exposure to the air. (Mosander 1 
Berzdim Lelirh,) 

Ferrocyanuh of Cerium .—Pcrrocyanldo of cerium forms with corous 
salts a M’hito procipitalo, soluble in nitric acid, but not yet further 
oxamined. 

Fevrooijanide of YUriuni .—Formed by precipitating liydrochlorato of 
ytti'ia (the acetate, according to Berzelius, • yields no precipitate) with 
forrocyanido of iietassium; the white precipitate changes after a while to 
poarl-groy. (Eckoborg.) It has the same composition, viz., y^FoCy’, 
whotlior the yttria-salt or the forrocyanide of potassium 1)0 in excess. It 
Is not cloQompoaod in drying, moroly acquiring thereby a tinge of sea- 
green. It is but very slowly decomposed by ignition. (Bovlin.) It is 
clooompoHod by caustic potasdr into yttria and forrocyanide of potassium, 
and does not dis.solvo oithor in water or iu acotio acid. (Eclceborg.) It is 
eoluhlo in hydrochloric acid. (Klaproth.) 

Fa'voayanida of Oluoinum .—By digesting fori-ocyanido of lead with 
aqueous disul\ihato of gluoina, then filtoring and evai)oi'atiu^, a transparent 
varuisli is obtained, easily solnblo in water, and often oxliihiting a bluish 
tinge, arising from incipient dccomirosition. (Borzelius, Ann. Okim. Phys. 
15, 240.) 

Forrocyanide of Aluminum ? — ci. Aqnooiis forroprussio acid saturated 
with hydrate of alumina forms a sparingly soluble—or if combinod with a 
smaller quantity of tlio oavth, an easily soluble—comiiouud, which is for 
tlio most jiart decomposed by evaporation. (Berzolius.) 

b. Forrocyanido of lead digested with aqueous sulphate of alumina, 
forms an insoluble compound, surmounted by nearly pure water. (Bor- 
zolius.) 

Salts of alumina mixed witli forrocyanido of qiotassium ollminato 
liydrocynnio acid, and form a green precipitate, clianging to blue, and 
consisting of hydrate of aluinina mixed with cyanide of iron. (Ittnor.) 
A solution of alum is not clouded by ferrooyanido of potassium (Ber¬ 
zelius); only wliou heated. (Gm.) 

Fcrrocyanide of Thorinum .—Forrocyanide of potassium forms with 
neutral thorina-saits, a heavy white powder, soluble in acids, insoluble iu 
wator, and decomposed by potash, with separation of thorina. (Berzolius, 
Poyy. to, 406.) 

Ferroci/anide of Titanium .-—Forrocyanido of potassium forms with salts 
of titanic oxide a thick ycllowisli brown procipitato (dark grccii, if it 
contains iron),—Carbonate of potash decomposes it, witli separation of 
titanio oxide in the form of a white mass, (l-Iersohel, Pogg. 26, 027.) 
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CYANIDES OF IIION AND CUnOMlUJf. 

Ferrocyanjde of Tanlahtm .—Aqueous ferrocyanulc of iiotus^lum fi.rms 

11 pi'ccipitate \TitL taiitalic acid dissolved iu acid oxalate of ixita-li. 
f IVollaston.) It converts solid chloride of tantalum into a l»rowuis:li 
ycltuw substance, wliicli becomes dark brown after washing and drviiie 

IS not altered by air and boiling water. (Berzelius, /W/. 4, 14.)— 
Ibis compound is not precipitated on adding solution of ferroevanido of 
potassium to chloride of tantalum jircvioiisly moistened with water, or to 
a solution of tantalie acid in aqueous hydrolluoric acid. (Berzelius.) 

^ FevTocyciiiide of Afolyhd^nutn.- — a, Sedts of ^foly[/do}tn form 

with ferrocyauide of potassium a dark brown jirccipitate, which dl.-^solves 
ill exces.s of the ferrocyanulc, and likewi.se iu ammonia, forming' dark- 
brown solutions. The latter solution depo.sit3 tlie greater part of the 
compound on the addition of sal-ammoniac, retaining however a faint 
purjde colour. (Berzeliu.s, Poyy. 6, 379.) 

1). Sails of Molyhdic ox'ule form with ferrocyauide of pota-'ium a 
dark-brown powder, insoluble in excess of the ferrocyauid i. .Amnoiiiia 
dissolves the powder after washing, hut in a decomposed state, as molvbdio 
oxide and ferrooyanide of ammonium, the former of which may be pre¬ 
cipitated from the aqueous solution hy sal-ammoniac. (Berzelius, Pvi't. 
G, 349.) a V .. 

0. VVith a solution of Molyhdic acid in tlie stronger ac'als, ferniey.auido 
of potassium forms a red-brown precipitate, paler than that of a or b. 
This precipitate dissolves iu excess of ferrocyauide of polas.Miun, forming 
a dark rod-brown solution, and very easily, without colour, in aqueous 
aninionia, in the form of ferrocyauide of ammonium and molybdate of 
ammonia. (Berzelius, Poyy. C, 335.) 


Cyanides of Iron and Vana<lium,. — a. Salts of Fanadic oxide form 
with Ferrocyan'de of potassium a bulky, lemon-yellow preeijutate, which 
persistently colours the wash-water yellow, acquires while drying in the 
air, first a greenish and then a green colour, and docs not dissolve jHirceje- 
tibly in aciils. (Berzelius ) 

b. With Ferridcyanide of potassium, salts of Yatuidle oxide form a 
green, gelatinous precipitate. (Berzelius.) 

c, Ferrooyanido of potassium added to a solution of 1 anadic acid in 
the stronger acids, throws down beautiful green flake.'*, insoluble in aekk. 
The same compound, only basic, is produced by exposing a to the air. 
(Berzelius, Poyy. 22, 26 and 39.) 


Cyanides of Iron and Chromium.—f CrFcCy’l-yFerroc^ide of 
potassium forms a yellow precipitate with protochloride of chromium. 

(Peligot.) . , 

b. 3FcCy,Cr-Cy^?—Sesquicyauido of chromium and jwtas,smm iomw 
a brick-red precipitate with ferrous salts; none with ferric salts, (Bbck- 

mann.) , , , , • • i r . 

Salts of chromic oxide are not precipitated hy ferrieyamde ot pota.*'- 
sium in any proportion; hut on adding sal-ammoniac to the mixture 
and evaporating over the water-bath, hydrocyanate of ammoiua is evolved, 
and there remains a dark-green gelatinous mass, which, when tlioroughljr 
washed with water, leaves a dark-green, turached compound of se.-qui- 
cyaiiide of chromium with protocyaiiide of iron. This conijamnd dries 
up to a nearly black mass, which has a conchoidol fracture and yidds 
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a clark-grcen powder. With acids it forms a green solution, from which 
ether separates fcrropnissio acid. {Bertelius. Lehrh.) 

Oompound of this salt with Ferrocyaiiide of Fotassmm .—Formed by 
adding alcohol to tlie aqueous mixture of ferrocyaiiide of potassium and 
sesquichloriJe of chromium, the latter somewhat in excess, and washing the 
resulting dark-yellow, semi-crystalline precipitate with alcohol. The pre¬ 
cipitate effloresces during desiccation, and becomes lighter in colour. 
Water extracts from it ferrocyanido of potassium, together with a small 
quantity of the compound of sesquicyanide of chromium and proto¬ 
cyanide of iron, leaving undissolvod a compound containing a much 
smaller proportion of ferrocyanide of potassium. {Berzelius Lehrh.) 

Cyanides of Iron and Uranium. — a. TJ^FeCy^l—Ferrocyanido of 
potassium forma with aqueous protochloride of uranium a light brown 
precipitate, which dissolves readily, but with decomposition, in hot 
aqua-regia, sparingly in hydrochloric or nitric acid, and is resolved by 
potash-ley into uranous oxide and ferrocyanido of potassium. (Rammols- 
borg, Poyg. 59, 12.) 

h. 2lJ-0*Cy,FcCy ? — Uranic salts form with ferrocyanido of potas¬ 
sium a thick, dark, brown-red precipitate (flocculont, according to Locami, 
if the acid is not in excess). It is coloured yellow by ammonia or 
carbonate of ammonia, and then dissolves in the latter. (Wittstoin.) It 
likewise dissolves completely in cai'bonato of soda. (Horschel, Poyg. 25, 
627.) 

0 . 3U®0’Cy,F.e'‘Cy’?—Ferridcyanide of potassium forms with hydro- 
chlorate of uranic oxide a copious brown-red percipitate (Gm.; Smoo), 
which exhibits with ammonia and carbonate of ammonia the same pheno- 
meua as i. (Wittstoin.) 

Cyanides of Iron and Manganese. — a. Ferrocyanide of Manganese, 
Mu’FeCy^—Ferrocyanido of potassium forms a white precipitate with 
[excess of] manganous salts. (In presence of cupric oxi<Ui, tlio jirccipitatc has a 
peach-blossom colour ; and if ferric oxide be present, it is bluish.) —Caustic potash 
converts it into hydrated manganous oxide and forrooyauido of potas¬ 
sium. (Ittner.) Soluble in hydrochloric acid (Berzelius); insoluble in 
aqueous liydroohlorate or nitrate of ammonia. (Brett.) The precipitate 
ooutains 3 per cent, of potassium, and is, therefore, contaminated with 
ferrocyanide of manganese and potassium, c. 

6. Ferridcyanide of Manganese. 3MnCy,Fo“Cy“.—Forridoyiiuido of 
potassium precipitates manganous salts in copious, delicate flakes, which 
are greyish brown aocordiug to Gmelin, sepia-coloured according to Smoo. 
The precipitate becomes lighter when heated with ammonia; carbonate 
of ammonia acts but slightly ou it; sal-ammoniac, not at all. (Wittstoin, 
Repert. 63, 314.) 

Manganidcyanide of potassium forma a light-bluo preoipitato with 
ferrous salts, but none with ferric salts. (Raminelshcrg.) 

c. Ferrocyanide of Manganese and Potassium. C'N“FoMnK.—Formed 
by dropping a manganous salt into excess of ferrocyanido of potassium. 
The greyish white precipitate becomes bluish grey during washing, and 
after the soluble salts have been washed away by the water, partly runs 
through the filter, forming a turbid filtrate which docs not bocomo 
clear by standing. (Mosander, Berzelius Lehrh.) 

Cyanide of Iron and Arsenic 1 —From a solution of nrsonious aoid in 



JPorrocyanulo and forr'uloyanulo of potassium do not prooipitato 
Tartar-emetic. Tlio whito prooipitato whicli forrocyatiide of potaasiuiu 
pvoducoa in acid liydrocldoratc of aiUimonic oxide, appears to bo notliing 
but iiowdor of Algarotlij Ittnor supposes it to contain a mjanide of iron 
and antimony. 

Cyanide.^: of Iron and Bismuth. — a. Tho prooipitato produced by 
ferrocyanide of potassium in a solution of nitrate of bismutli is yellow at 
first, (white according to Bornoliua, yellowish white according to Witt- 
stoin,) but afterwards boooiuos light groonj it dissolves in nitric acid, and 
is precipitated from tho solution by water. (Ittnor.) It is precipitated 
of a pure white colour by ammonia, and carbonate of ammonia, and at 
high tomporaturos likewise by other ammoniacal salts. (VViotstein.) 

b. Porridoyanido of potassium forms a copious light-brown prooi¬ 
pitato with nitrate of bismuth. (Gm.) This precipitate exhibits with 
ammonia and its salts tho same reactions as a. (Wittstcin.) 

Cyanides of Iron and Zinc. — a. Ferrocyanide. of Zinc. Zn^FoCy’.— 
Formed by precipitating a zinc-salt with ferrocyanide of potassium notin 
excess. A. boiling .solution of 00 pts. (1 At.) of ferrocyanide of potassium 
is mixed with 811 pts, (somewhat more than 2 At.) of sulphate of zinc, and 
tho prooipitato thoroughly washed. (Schindler, Mag. Pharm. 30, 71.) 
If tho forrocyauido of potassium is in excess, part of tho prooipitato is 
rodissolvod; tho liquid and tho wash-water pas-s turbid througli tho filtoiq 
and tho iirooipitato, while drying, smells strongly of hydrocyanic acid, 
does not lorma very loo.so powdor, and when treated with dilute acids, 
imniocliatoly gives of!' hydrooyanio acid. (Schindler.)—According to 
Mosandor, tho procijiitato contains ferrocyanide of potassium; it is 
gummy, readily passes through tho filter during washing, and when dry 
contains 12 At. water. Hence Berzelius recommends that tho compound 
bo prepared with forroprussio aoid. It is clear, however, from Schindlor’a 
analysis, that tho prooipitato obtained with excess of sulphato of zino is 
froo from ferrocyanide of potassium. 

Whito powdor, which, according to Schlmllor, scarcely smells of 
hydrooyanio aoid. When hoatod it gives off half its water, which smells 
faintly of hydrooyanio acid, thou hydrocyanato and carbonate of am¬ 
monia, and after vory strong ignition loaves a residue of on.rbldo of iron, 
carbide of zino, and oxyoyanido of zinc. If tho heat apiiliod bo not 
sutneiont to produce this ciimploto decomposition, tho residue, when sul¬ 
phuric aoid IS poured upon it, yiohls a largo quantity of prussian blue. 
It dissolves sparingly in dilute acids, but is not decomposed till boiled 
with them, whereupon it slowly gives off hydrooyanio acid, and yields a 
precipitate of prussian blue (provided nitric acid has not boon used). 
(Schindler.) It dissolves in aqueous ammonia and in ammoniacal salts. 
(Wittstoin; Brett,) 

ScliiiKllcr. 


2 Zn . 

. O-t-4 .. 

... 32’03 

32'(i 

Fo . 

. 28-0 ., 

... M'18 

13'0 

;> t'.y . 

. 7H'0 .. 

„. .19'.51 


3 no . 

. 27-0 . 

... II'OB 


ZiWcCy^+SAq . 

. 197--1 . 

... lOO-OO 
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h. Perridcyanide of Zinc. SZiiCyjFo-Cyl—Fcvrifloyaiiicle of potas¬ 
sium forms with sulpliiito of zinc a brownisli, oraiigc-ycllow precipitate 
(Gill.), wliich dissolves readily in aiiimoiiia and in ammoniacal salts. 
(Wittstoiii.) 

0 , Ftirrooyanidc of Zinc vi'Uh A7Jimo7iia .—A dilute zinc-salt, super- 
satiiratod with aiiiinonia in a certain proportion, yields with fcrrocyanido 
of potassium, after a few seconds, a white crystalline precipitate. If 
too little amiiioiiia bo added, the precipitate is mixed with pure 
forrocyaiiido of zinc, and too niiicli amnionia prevents the precipitation 
altogether. The precipitate when dry is white and very friable, sus¬ 
tains witlionl docoiiiiiosition a lieat of 100°, and at higher tcinporatnres 
gives oir water and hydrocyanatc of ammonia. It coiitains 11’,00 per 
cent, of amnionia, 32'27' zinc, and lO’l.O iron, and is, tboroforo, ])robal)ly 
2(Zn-FoCy'*)-l-3NIP-l-‘2Atp (Bunsen, I'oyff. 34, 13G; Monthiors, 

P. J, Pharm. 11, 253.) 

Cyanide of Iron and Cadmium. — a. CdCy,FoCy“'?—Aqueous cyanide 
of cadmium and potassium forms, with green vitriol, a precipitate whioli 
turns green on oxposm-o to the air, and is not soluble in excess of 
cyanidoof cadmium and potas.Hiuin. (liaiiiiiiolshorg.) Ferric sulphate and 
cyanide of cadmium and potassium roact upon each other in such a 
nianuor ns to eliminate liydrocyanio acid, and precipitate ferric oxide. 
(Rammolsboig.) 

h. OiFFoCyM—The white precipitate which forrooyaiiido of potassium 
])roducos with sul|iliato of cadmium, dissolves in ammonia, but not coiu- 
pletoly ill aiumoiiiacal salts, oven when heated (Wittstoin); in liydro- 
chlorato or nitrate of amnionia it is insoluble. (Brett.) 

a. 3CdCy,F('.'‘Gy^‘i—Forrideyanido of potassium forms witli cadniio 
salts, a yellow pri'ci[iitato (pule yollow, according to Smeo), which dis¬ 
solves readily in ammonia and ummoniacal salts. (Wittstoin, Jieperts. 
C3, 314.) 

Cyanides of Iron and. Tin. — a. SiPFoCy^l—Protochlorido of tin forms, 
with fori'ocyanidu of potuSHiiim, a white precipitate, which gradually turns 
yollow on exposure to the air, and is not soluble either in water or in 
acids, (Ittnor.) It is iiiHolublo in hydrocblorate and in nitrate of am¬ 
monia. (Brett.) DissolvoH, but imiiorfcctly, in ammonia and its salts. 
(Wittstoin.) 

h. SnFoCy”'!—Bichloride of tin forms, with forrooyaiiido of potassium, 
a brownish yollow jirccipitato (white, according to Giii.), which repro¬ 
duces fcrrocyanido of potassium when treated with potash, and docs not 
dissolve either in ammonia or in ammoniacal salts. (Wittstoin.) 

c. 3SuCy,Fo*Cy'’’?- Forrideyauido of potassiimi forms, with proto- 
chloride of tin, a -white gelatinou.s magma (Gm.), which dissolves iinpor- 
footly in ammonia, but is iiisolublo in ammoniacal salts. ^Wittstoin.^ 
Bichloride of tin is not precipitated by forrideyauido of potassium. (Gm.) 

Ferrocyanidc of Lead, PbR''oCy“.—By iirecijiitating nitrate of load 
with forrocyaiiido of 2 >i>tassiiiiii, a whito jirecijiitato is obtained which, 
when washod and dried, has the conijmsition PlPFoCy'' 3A(p (Bovio- 
lius.) The prcoi))itato, for however long a time it may have boon 
washed, retains from (1 to percent, of forrocyaiiido of iiotassium, of 
which it oontiiuics to give uji a certain ([uantitjito fresh portions of water. 
(Ga.y-Lusano,) The prociintato contains no ferrocyaiudo of potaesiuni, 
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even if an excess of that salt has been used in preparing it, and may be 
easily obtained fpiite free from potassium by washing. (Berzelius.) 

This compound, when gently heated, gives off all its water. Ignited 
out of contact with the air, it gives off nothing but nitrogen gas, and 
loaves a mixture of bicarbide of iron and bicarbide of load, which 
burns like tinder when gently heated in contact with air, and when more 
strongly heated out of contact of air, exhibits a very bright glow; if this 
latter effect ho produced before the cyanogen is completely decomposed, 
the remaining portion of nitrogen escapes with great violence. If the 
salt, without previous dehydration, be suddenly subjected to a strong 
heat, it gives off water, carbonic acid, and hydrocyanate of ammonia, 
leaving a residue of lead and iron, combined with a quantity of charcoal 
smaller than that which exists in the residue obtained by heating the 
anhydrous salt. (Berzelius.) The hydrated salt, when subjected to dry 
distillation, yields at first cyanogen g.ns and hydrocyanate of ammonia, 
and then, after exposure for a while to a red heat, suddenly exhibits a 
glimmering light, accompanied by rapid evolution of nitrogen. The 
I’osidue, if left to cool in the retort, exhibits pyrophoric properties on 
expo,sure to the air at a temperature a few degrees above the mean; it 
likou'ise gives off a largo quantity of ammonia on exposure to moist air, 
or when heated to redness in an atmosphere of aqueous vapour. After 
the combustion, there remains a yellowish brown mass, which fuses very 
readily before the blowpipe, and is a couiponnd of 4 At. protoxide of lead 
with 1 At. sesquloxide of iron. (Gay-Lussac, Ann. Ckim. Phys. 46, 80.) 
The rosiduo loft after the salt has been ignited out of contact of air, is a 
coiniiound of paracyaticgeu with lead and iron; if it be exposed to the 
air whilo still red-hot, and especially if it bo strongly blown upon, the 
lead is reduced over tho whole surface in numerous minute drops, whose 
surfacos exhibit tho colours of the rainbow. (Thnulow,/. jo?*. CViCOT. 31, 
322.) Forrooyanido of lead, heated in sulphuretted hydrogen gas, is 
resolved into sulphide of lead, sulphide of iron, and liydrocyanio acid 
(Berzelius); 

l>bi!FeCy3 + 3HS = 2PbS + FeS + 3HCy. 

Forroeyanido of lead, immersed in oil of vitriol, is converted into a white 
powder, which dissolves but sparingly in excess of oil of vitriol, and is 
precipitated from the solution by water. (Berzelius.) Sulphuretted 
liydrogen-wator and dilute sulphuric acid eliminate ferroprussic acid from 
the salt, at the same time forming sulphide or sulphate of lead. The 
salt is not decomposed by digestion with water and carbonate of baryta 
or strontia. (Bette.) It is insoluble in water. It is j)artially soluble in 
hot ammonia, perfectly soluble in hot hydrocblor.ato or succinate of 
ammonia, but insoluble in other ammoniacal salts. (Wittstein.) 

Dehjdralcd. Berzelius. Hydrated. 

2 Pb. 208 .... 66-24 .... 65-91 2 PbO. 224 .... 05-69 

Pu. 28 8-92 .... 8-81 FeO. 36 .... 10-56 

3 Cy . 78 .... 24-8-t .... 23-89 _ 3 HGy . 81 .... 23-75 

Pb^FcCy . 314 .... 100-00 .... 98-61 341 .... 100-00 

Ferrulcyanuh of Lead. C'>N»Pb’,C“N=Fo^ = 3PbCy,Fo^Cyl—A inix- 
turo of the aqueous solutions of ferrideyauide of potassium and nitrate of 
lead deposits dark brown-red, tvansliiceiit crystals, united in cockscomb- 
sbapod groups, and slightly soluble in watei-, especially if warm. The 
aqueous solution deposits a bluish white powder on boiling. Dilute 
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Bulpliuric acid decomposes the compound into sulphate of lead and fend- 
prussic acid. (Gm.) 

PuoTocYANini! OP OoBALT.—1. Hydrocyanic acid expels carbonic acid 
from carbonate of cobalt. (Sclieele.)—2. From acetate of cobalt it throws 
down all the cobalt in the form of protocyanido. (Wohler.) The solu¬ 
tions of protoxide of cobalt in the stronger acids are not precipitated by 
it.—0. Cobalt-salts are precipitated by aipicons solution of cyanide of 
potassium.—Palo cinnamon-coloured or dark flesh-coloured precipitate. 
—The compound docs not give otf its water at 100°; when boated to 280° 
in a close vessel, it gives off 32‘28 per cent. (3 At.) of water, and assumes 
a bright blue colour. When heated in the air, it takes fire at 2/50°, 
exhibiting a bright glow, and is converted into a black porous mass. 
(Jlammolshorg, Pofjg. 42, ll.tl.)—^ According to a later observation of 
Itammolsberg’s {Pogg. 73, 80), this black mass contains G At. cobalt, 
12 At. carbon, and 1 At. nitrogen, and may be regarded as a mixture of 
paraoyanido and carbide of cobalt. IT—It dissolves readily in ammonia, 
carbonate of ammonia, and succinate of ammonia, forming yellow solutions; 
but in sulphate, hydrochlorato, or nitrato of ammonia, it does not dissolve 
completely till aided by heat. (Wittstcin.) It dissolves completely in 
cold aqueous solution of cyanide of potassium. (Haidlcn & Presenius.) 

Docs not dissolve in water or in dilute acids.—IT According to Zwon- 
gor (Ann. Pharm. G2, ICC), this compound, after drying over oil of 
vitriol, eon tains 2 At. water: 


2 Co . 

. 29-5 .. 

.. 40-13 

Zwenger. 

39-43 

2 C. 

. 12-0 .. 

.. 10-33 

10-00 

N. 

. M-0 .. 

.. 19-05 


2 no. 

. 18-0 .. 

. 24-.10 

20-19 


CuCys-2Aq. 72-5 .... 100-00 II 

Blx-fiflU Cyanide of Cokih ? C'’N“Co®,C“N’>Co*=3CoCy,Co=Cy’.— 
Cobaltidcyanido of potassium forms with salts of protoxide of cobalt, a 
lU'ccipitato of a beautiful rose-colour. (Gm.).— Covvp, p. 407. 

Sesquicyanide of Cobalt. —Known only in combination with other 
oyanidos. 

J/ydrocohaUidc7janic Acid. C“N“IP,C“N=Co==0HCy,Co“C,y''. — Ob¬ 
tained (1) by i)asslng sulphuretted hydrogen through water in which cobal- 
tidoyanldo of load [or of copper] is diflusod, then filtoring and evaporating 
to Llio crystalling point.—Tl 2. By dccompo.siug tho concentrated aqueous 
solution of cobaltidcyanido of potassium \yith a slight excess of sulphuric 
or nitric acid, adding absolute alcohol, and rccrystallizing tho mass which 
romains after ovapoviition.—Crystalli^tcs in deliquescent, colourless, trans- 
naront needles, having a strongly acid taste. When boated above 100°, 
it first gives off water, then hydrocyanic acid, hydrocyanato of ammonia, 
and carbonnto of ammonia, and at 250° loaves a blue powder, which 
at a higher tomporaturo is converted into black carbide of cobalt. Tho 
nipicous solution suffers scarcely any decomposition by boiling. This acid 
decomposes carbonates and dissolves iron and zinc witli evolution of hydro¬ 
gen. It dissolves in alcohol, but is insoluble in anhydrous other; it Is not 
decomposed by hydrochloric acid, fuming nitric acid, or aqua-regia. When 
lioatoA with oil of vitriol, it is resolved into carbonic oxide, carbonic acid. 











COBALTIDCYANIDE OF POTASSIUM. 


493 


sulphurous acid, sulphate of ammonia, and sulphate of cohalt; the addition 
01 ■water before complete decomposition, gives rise to the separation of 
pale rcdcobaltidoyanide of cohalt, Co'Cy®,3Co + 12Aq., which'when heated 
gives oft water and turns blue. (Zwenger, Ann. rharm. 62,147; Jahresber. 
1847-8, 479.) 


Zwenger {mean). Or: 


2 Co. 

. 39 . 

.. 25-98 .. 

. 2fi-07 

2 Co. 

. 59 . 

.. 25-98 

12 C . 

. 72 . 

.. 31-73 .. 

.. 31-35 

6 Cy. 

. 156 . 

.. 68-73 

C N. 

. 84 . 

.. 37-01 .. 


3 11 . 

. 3 . 

.. 1-32 

4 H. 

. 4 . 

.. 1-76 .. 

.. 1-97 

HO . 

. 9 . 

... 3-97 

o. 

. 8 . 

.. 3-52 .. 





l-b'Co=Cy« + Aq. 227 . 

.. 100-00 



227 . 

.. 100-00 


Coballidcyanide of Ammonium. —Obtained by neutralizing hydro- 
cobaltidcyanic acid with ammonia. Crystallizes in colourless, transparent, 
oblique, four-sided tables, which are very soluble in water, and slightly 
soluble in alcohol. The crystals may bo heated to 100^ without losing 
weight. At about 225^, the salt begins to decompose, giving off cyanide 
of ammonium and carbonate of ammonia, while the residue turns blue. 
At a still higher temperature, it decomposes in the same manner as the 
blue residue of the pure acid, with which indeed it appears to be ideutical. 
(Zwenger, Ann.Pharm. 62, 168.) 


12 C . 


Zwenger. 

.... 25-90 

25-52 

13 H . 

. 13 

.... 4-68 

4-54 

9 N . 

. 126 

.... 45-32 


0 . 

. 8 

.... 2-88 


2 Co . 

. 69 

.... 21-22 

21-30 


C'WCo^SNHhHO .. 

.. 278 . 

... 100-00 


Or: 

3 NIH. 


. 54 ... 

,. 19-41 

2 Co . 


. 69 ... 

.. 21-22 

6 Cy . 


. 156 ... 

,. 56-15 

HO. 


9 ... 

3-22 


3NH^Cy,Co'’C/+HO . 278 .... lOO'OO 

Goballocyanide of Potassium. —Probably contained in the solution of 
protocyanide of cobalt in cold aqueous cyanide of potassium, inasmuch as, 
according to Haidlen and Preseiiius, that solution gives oft' hydrogen 
when heated. 

Cobaltidcyanide of Potassium. C®N-K“,C°N’Cn® = 3KCy,Co*Cy^.— 
1. Formed by treating protocyanido of cobalt with aqueous cyanide of 
potassium, or carbonate of cobalt with potash and hydrocyanic acid; the 
action being attended with evolution of hydrogen (Otm.): 

3KO + 2CoO + 6HCy = SKCy.Co^Cya -i- 5HO + H. 

At ordinary temperatures, the evolution of hydrogen is very slow. 
Recently precipitated sulphide of cobalt dissolves in hot aqueous cyanide 
of potassium, forming a yellow solution, which contains C3'auide of cobalt 
and potassium and sulphide of potassium. (Haidlen & Fresenius.)— 
I" 100 pts. protocyanido of cobalt, CoCy,2llO, treated with cyanide of 
potassium, yielded 0‘65 hydrogen. According to the equation: 

4KCy + 2CoCy + HO = Co^Cy^K^ + KO + H, 
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tho quEintity should bo 0‘G8 pt. (Zwongor.) —2. By dissolving an excess 
of protocyaiiido or carbonate of cobalt, with frequent agitation, in warm 
aqueous potash, to whiclv bydrocyauio acid is added in snob pro])ortion 
that tlio liipiid noitlier roddons turmeric nor smells of hydrocyanic acid, 
and evaporating the filtrate to tho crystallizing point. (Gm.) 

Palo yellow transparent crystals, isoinorphous with forrideyanide of 
potassium, (Gin.) 


GK. 



Zwcngcr. 

Gm. 

. n7'G ., 

... .35-3G 

35-80 

35-23 

2 Co. 

S9'0 ., 

... 17-7-1 


17'19 

12 C. 

, 72'0 . 

... 21-C.'i 

21-70 


C N. 

,. at'O , 

... 25-25 



3KCy,Co“Cy» . 

332‘G . 

... 100-00 




Decrepitates -when heatod, and afterwards molts into a dark olive- 
green, translucent liquid, which slowly gives off bubbles. Cold oil of 
vitriol forms with the powder a white, pasty mass (sulphato of cobaltid- 
oyanido of potassium), which, when heated considerably above 100°, 
swells up, n.nd ovolvos sulphurous acid and cyanogou gases, tho white 
mass becoming first blue, then violet, afterwards red; and finally, when 
heated to rodness, at whioh temperature tho excess of acid is oxpcllod, 
loaves sulphato of cobalt and potash in tho form of a blno transparent 
lii^uid, whioh when cold becomes turbid and violot-colourod, and is mixed 
with a white salt (excess of sulphate of potash). —Tho salt is not sensibly 
docomposod by dissolving it in hydrochloric or nitric acid, and ovapornting 
tho solution. Dissolves readily in water, forming a nearly colourloas 
liquid, whioh may bo supposed to contain sosqui-liydrocyanatc of cobalt- 
oxido togotlior with hydvocyanato of potash. Oil of vitriol added to tho 
solution tlu'ow.s down tlio salt nndccomposcd, in tho form of a white 
powder. (Gm.) IF According to Zwenger, liowovor, oil of vitriol or 
strong nitrio acid added to tho aqueous solution, throws down hydro- 
cobaltidcyanio acid; hot oil of vitriol decomposos tlio salt in tho sauio 
manner as tho acid, IF—Tho solution of cobaltidoyanido of potaHsinm 
■ (loos not prooipitato tho salts of titanic, chromic, uranic, or forrio oxido. 
Neither is it (looomposod by alkalis. (Gm.) 

IT Gobaltidcyanide of Sodium. C'’N^Na”,C“N“Co®= 3NaCy,Co’‘Cy”.— 
Obtained by decomposing carbonate of soda with hydrocobaltidcvanio 
acid. Tho neutralization must bo very exact, booaueo tho groat solubility 
of tho cohaltidcyanido of sodium ronciors it cHflicult to rcniovo an oxcoss 
oithor of tho acid or of carbonate of soda by crystallization; froo acid 
may, howovor, bo romovocl by washing tho solid salt with alcohol. 
Crystallizes in long, colourless, transparent ncodlcs; dissolves very roadil^y 
in water, hut is insolublo in alcohol. Whon kept for some time at t00°, it 
gives off all its water, and at a higher tomporaturo fuses like tho potassium- 
salt, into a dark-brown mass, without docomposing. (Zwongor, Ann. 
Fharm. 62, 1G7.) 


0. 

Anhydrous. 
. 72-0 

25-27 

12 C. 

Ilydraied. 
. 72-0 .... 

, 22-44 , 

Zwongor, 
. 22-44 

6N. 

. 84-0 .... 

29-48 

ON. 

. 84-0 .... 

, 20-18 


2 Co ... 


20-71 

2 Co 

. 69-0 ... 

, 18-38 






HI—wpm 

, 21-78 , 

. 21-93 
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This compound, when crystallized below the ordinary temperature, 
ap 2 )ears to be capable of taking up considerably more than 4 At. water. 


Cohaltidcyanide of Banum. G’N^Ba^C^N^Co'* = 3BaCy,Co’“Cyh-- 
Formed by decomposing carbonate of baryta with hydrocobaltidcyanic 
acid. Crystallizes in colourless, transparent prisms, which dissolve very 
readily in water, but are insoluble in alcohol. The crystals effloresce 
readily in warm air, and still more quickly at 100“. The quantity of 
water then given off is 22'88 p. c. (Ifi At.); at a higher tempcr.aturc, the 
rest of the water, amounting to G At., is given off; and at a still higher 
temperature, the salt fuses into a dark-colourcd mass, undergoing decom¬ 
position at the same time. (Zwenger, Ann. I’harm. 62, 169.) 



Anhydrous. 


Bried at 100°. 


Zwenger. 

12 C . 


. 1712 

12 C .... 

... 72-0 .... 

15-17 . 

. 14-2G 

6 N. 


. lU-97 

C N.... 

... 84-0 .... 

17-70 


2 Co . 


. ll-0:5 

2 Co 

... .°>9-0 .... 

12-43 


3 Ua . 


. 48-88 

3 Ba 
CHO 

... 205-6 .... 
.... 54-0 .... 

43-32 . 
11-38 . 

. 42-81 

. 12-GO 

3BaCy,Co-Cy®..., 420’G .. 

. 100-00 

+ 6110 

.... 474'6 .... 

100 00 



Ciyttiallized. 


12 C . 

72-0 

.... 11-73 

6 N . 

84-0 

.... 13-5G 

2 Co. 

59-0 

.... 9-51 

3 Ba . 

205-G 

.... 3319 

6 HO . 

51-0 

.... 8-75 

IG Aq. 

144-0 

....■ 23-20 

3BaCy,Co’Cy3,6HO + IGAq 

618-0 

.... 100-00 


Zwenger. 


22-88 

% 


Ghromideyanide of Cobalt. —Salts of protoxide of cobalt yield a blue 
precipitate with sesquicyanide of chromium. (Berzelius Lehrb.) 

Cobaltidcyanide of Manganese and Gohaliideyanide of Zinc. —Man¬ 
ganous salts and zinc-salts yield copious white precipitates with cobaltid- 
cyanide of potassium. (Gm.) 

Gobaltidcyanide of Cadmium,. —Cobaltidcyanido of potassium forms, 
with sulphate of cadmium, a brown precipitate, which afterwards turns 
white, and dissolves in excess of the cobaltidcyanide of potassium; also 
in acids. (Rammclsberg.) 

Gohaliideyanide of Tin. —Protochloride of tin forms a white precipi¬ 
tate with cobaltidcyanide of potassium. (Gm.) Bichloride of tin gives 
only an inconsiderable turbidity. 

IT Cobaltidcyanide of Lead. C^N’PbSC'N'Co’^ = 3PbCy,Cq2Cy^— 
Obtained by decomposing carbonate of lead with hydrocobaltidcyanic 
acid. Crystallizes in nacreous laminm, which dissolve very readily in 
water, but are insoluble in alcohol. The crystals contain 4 At. water, 
3 of whioli are given off at 100“ and the remaining atom at 180“. 
(Zwenger, Ann, Pharm. 62, 175.) 
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Anhydrous, dried at 180“. 

12 C. 72.... 13-66 

6 N. 84 .... lS-04 

2 Co . .’)9 .... 11-20 

3 Tb . 312 .... 09-20 

12 C .... 
6 N .... 

2 Co 

3 Pb 
HO 

Dried at 100 

. 72 .... 

. 84 .... 

. .69 .... 

. 312 .... 

. 9 .... 

“. Zwenger. 

1,3-43 .... 12-93 
15-67 .... 

11-01 .... 

58-21 .... 

1-68 .... 2-09* 

3PbCy,Co5Cy» .<127 

100-00 

+ HO 

. 536 .... 

100-00 


Air-dried. 



Zwenger. 

12 C. 


72 .... 

12-79 


ON. 


84 .... 

14-92 


2 Co . 


69 .... 

10-47 


3 l>b . 


312 .... 

55-42 


HO . 


9 .... 

1-70 


3Aq . 


27 .... 

4-70 

4-51 

SPbCy.Co^Cy 

,1-10 -t- 3Aq... 

503 .... 

100-00 



Oohaltidcyanide of Lead toith Oxide of Lead. Pli®Co'’Cy“,6PbO,3HO. 
—Wlion ainiiionia is added to tlie aqueous solution of cobaltidcyiinide of 
lead, tills compound is obtained in tbo form of a white, bulky prooipitato; 
it contains the whole of tbo lead, and nothing but cobaltidcyaiiide of 
ammonium romains in solution. The precipitate is insoluble in water, 
but soluble iu acids. (Zwongor, Ann. Pharm. 62, 175.) 


12 C . 

.. 72-0 . 

.. .6-89 

Zwenger 

5-69 

0 N . 

.. 84-0 

C-89 


2 Co. 

.. 69-0 

4-82 


9 Pb. 

.. ■ 930-0 

.. 70-27 

70-19 

3 n . 

3-0 

.. 0-24 

0-57 

9 0 . 

72-0 

.. 6-89 


Pb''Co''Cy",(iPbO,3I10 . 

.. 1226-0 . 

.. 100-00 



This compound does not, however, always exhibit the same composition; 
one preparation gave 72'83 p. c. load. (Zwcngcr.) 

Basic ncotato of lead, added to cobaltidoyanide of potassium, throws 
down a similar compound; but the precipitation is not complete, oven 
when an excess of the basic acetate is present, (Zwenger.) TT 

Ferroci/anide of Cobalt. C’N’FeCo'* = Co'“FeCy’.~Porrooyanido of 
potassium forms, with cobalt-salts, a hydrated palo-bluo procipitato 
wliioli, oven when kept from contact with the air, gradually assumes a 
reddish grey tint, and when carefully boated, gives off the groator part 
of its water, and becomes dark green. If it bo tbon heated to 360“ it 
bceomes light green, giving off water and a certain quantity of hydro- 
oyanate of ammonia. When still more strongly heated in close vessels, it 
gives off nitrogen gas, and leaves a black mixture of carbide of iron and 
carbide of cobalt, which glows when raised to a higher tomporaturo, 
The compound dissolves readily in oil of vitriol, forming a red liquid 
which, after a few hours, becomes partially decolorized and deposits sul¬ 
phate of ferrocyanide of cobalt, in the form of a rose-coloured, crystalline 

* Tlie 2'09 p.c. water was driven off by heating the substance (dried at 100“) 
to 180“ i but by combustion with chromate of lead, the quantity of water obtuined 
Was 4'41 p.o. 
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po wJor. This powder is converted by water, wliicli abstracts the sulpluirio 
acid, first into green anliydrous fcrrocyanide of cobalt, and afterwards 
into the reddisli-grcy hydrated f'errocyanide. The latter is likewise pre¬ 
cipitated on diluting with water the solution obtained with oil of vitriol. 
(Berzelius, Sekw. 30, 50 and 59.) In aqueous caustic ammonia, the pre¬ 
cipitate dissolves partially, and assumes a green colonrj in carbonate of 
ammonia, a violet colour (Wittstein); it docs not dissolve in solution of 
sal-ammoniac. (Brett.) 

FerAdcyanide of Cohall. G“N*Co^C“N^Fe®= 3CoCy,Fc®Cy®.—Proto- 
chloride of cobalt yields, with ferrideyanide of potassium, a precipitate 
consisting of thick dark-red flakes. (Gm.) In aqueous ammonia the 
precipitate assumes a rusty brown colour, but does not dissolve. (Witt- 
stcin.) 

Gohnltideyanide of Iron. C''N’Fo^,C°N’Co'“ = 3FoCy,Co“Cy^—The 
aqueous solution of cobaltidcyanide of potassium forms a copious white 
jirooipitato with ferrous sulphate. (Gm.) It does not precipitate sesqui- 
chloridc of iron. 

T aolallidcyanide of Cobalt. C“N5Co^C“N»Co^ = 3CoCy,Co’Cyk— 
1. Cobaltidcyanide of potassium forms, with sulphate of cobalt, a light 
rod precipitate which may be completely freed from the potassiuni-.salt 
by washing (comp. p. 492). The same precipitate is formed by adding 
hydrocobaltidcyanic acid to cobalt-salts—2. When hydrocobaltidcyaiiic 
acid in the dry state is heated with strong sulphuric acid, and water added 
before the decomposition is complete {vid. p. 492), cobaltidcyanide of cobalt 
is precipitated in the form of a pale rod amorphous body. The product 
obtained by (1) contains 14 At. water, part of which it loses at 100°, 
turning blue at the same time, and the rest at a higher temperature. 
The product obtained by (2) contains only 12 At. water; when heated 
it gives oflf water, and turns blue. Cobaltidcyanide of cobalt is perfectly 
insoluble in water. Caustic potash decomposes it, separ.ating hydrated 
protoxide of cobalt. Ammonia dissolves it partially, forming a reddish 
solution, and separating a green powder. Mercuric oxide has no action 
upon it. The product (2) resists the action even of strong nitric and 
hydrochloric acid; from (1), however, strong acids extract water, and 
turn it blue. The anhydrous compound has a deep blue colour; in con¬ 
tact with moist air, it rapidly absorbs water, and turns red; when water 
is poured upon it, combination takes place, attended with great evolution 
of heat. (Zweuger, Ann. Pharm. 162, 172.) 


Anhydrous. 

12 C . 72 0 .... 2.3-72 

0 N . 84-0 .... 27-08 

5 Co. 247-5 .... 48-00 


3CoCy,Co2Cy3 . 303-5 .... 100-00 

With 12 At. Water. 

12 C . 72-0 .... 17-50 .... 18-28 

C N . 84-0 .... 20-42 

5 Co. 147-5 .... 35-84 .... 35-56 

12 HO . 108-0 .... 20-24 .... 27 18 


3CoCy,Co-Cy> + 12A(i. 411-5 .... 100-00 

VOI,. Vir. 2 K 
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CvANilii: i>|* iVU'KMt., NiC’y,—•!. llyili’iu’yniri« aciil docompos 
Rwtalit «■! iiickr'l (’timjihiioly, ftiid [lin iiiMifnil Hulpliaio luitl uitiutopavtiall 
Uiriiwiiig down in tninh m-io n. iiiiplii-jii'oiMi pi’ooipitato. (Wilhlo; 
U eu*i'ii tttil jtriitlnw tiny jirffipittitn in ii HnliiLiim of nioc.olo-potassio si 
Iihnln, expppl tui^ mldiliim nf ticidaln cif pdlnnli, in whioli caso it thro 
dawn n tint) whitn powilnr, wolnlilo in oxoohh nf tlio liydrooyanio ao 
tOin.)™a. AtiutmuH oyAiiulo «f iinltiH.xinin ftirniM ilio sanio procipiti 
with niekel'imit**. niul t-tnliKNiilvas it wlioii milled in oxci'hh. (VViililor.) 

Tliolltiok, paU> ii{ndt>'|fr('t»n, Uydiaited |nM)()ipitii.tn obtained by (1) 
(S) exliU)il«, nflnr wiWNldinj and drying, ix loulc-gronn nolnur, and a sldui 
ooncUti'ulnl fmoturi'. Tlio iireeipitaU) obtiiiuod witli liydrocyanio aoid a 
ftcctntn of tilekol dooH not giro tdV tin water iinioimting to 18 025 ] 
otnil, (1| Al.)—Ill ItlO’, lint lioLwmm IHO'’ and tiOO', (Ranimolsbo 
Poffff, 42, 1 U1.) Anhydrmw eyanulu of nickel ia light brown (Borzolii: 
yollowlsli brown. (llanmu'lHberg.) ^Vllen nioro strongly boated ii: 
dose vmol, It givim off nitrogen and cyaiiogou gasos, with snddon i 
very bright glow, and loavou a niagnetie niixtiiro of nielcol and carb 
of nlokol, (waldor.) According to llainmelsberg (./’(y/y. 73, 80), il 
doomnposiod in UiOBixmo manner ne cyanide of cobalt ()). 402). Cyankb 
nickel diiwolvos with yoUow colour in tlio (uiunouHsolnbionsof tbo alka’ 
cyatddcB, fenning cynuogou-nallB, which contain 1 At. cyanide of uic 
to I At. cyanide ef the alknli-niolal, and in tho dissolvod state may i 
bo regarded a« oomiuiunda of hydvncyanato of niclcol-oxldo with by( 
cyanato of the alkali. /-Tboy arc yolleiy and solnblo in water. ' 
Btrongor acida (not acetic acid) ilcoompoBO tlioni, with procipitatioi 
hydrated oyanitlo of nickel, ovolution of hydrocyanic acid, and forma 
of an alkaline salt. Chloride of nickel addoit to this solution, tin 
down liydratocl cyanide of nickel, a chloride of tho alkall-motal romaii 
In solution. (Wbldor.) 

Hydrated cyanide of nickel dissolves q^uiokly in oaustio ammonia 
carbonate of nnimonia, forming a yellowish green solution (coiitai 
omnido of niokol and animomum and nioolato of amiuonia); it like 
dissolyes In warm sulphate or succinate of ammonia, and imporfoot 
liydroohlorafce or nitrate of ammonia. (Wittstoiu.) 


Cyanide (^f Nickel and Ammonium, or Jlydrocyanate of NicM- 
wei jl7amonao,“Tho yellow solution of cyanido of niokol in aqi 
kydrooyanato of ammonia is partly rosolvod, ovon by spontaneous o' 
itvio bydrocyanato^ of ammonia whioh oscapos, and a hyd 
metallio cyanido which is proeipitatodj but tboro likowiso rema 
oortom quantity of undooomposed cyanido of niokol and aramoniv 
yellow noocUoa, whioli when heated, first give off water, then h 
;^anat0 of ammonia, and leave a brown rosiduo of cyanide of nickel 
more strongly hoatod, burns away with a glimmering 


’ Nickel and I^olassium, KCy,NiCy.— Even sulpbido of 
i-^Usolves .in warm aqueous oyanUle of potassium, form; 
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compound togetlier with sulphide of potassium. (Haidl. & Fresen.) Prepared by 
dissolving an excess of liydrated cyanide of nickel, with frequent agita- 
tion, m aqueous cyanide of potassium, evaporating the filtrate to the 
crystallizing point, and heating the crystals for some time to 100"', in 
wdor to drive off the water of crystallization.—Pale yellow; opaque.— 
F uses bebw a red heat. When heated to redness it is slowly decomposed, 
pviiig off iiitrogen and cyanogen gases, and yielding a mixture of car- 
ouretted nickel and cyanide of potassium. (Wohler.)—Sulphuric, hydro- 
acid, added to the aqueous solution, throws down cyanide 
ot nickel (Wohler), which it does not decompose without the aid of heat. 
(Gni.) 

With water, this salt forms honey-yellow, transparent, oblique, 
rhombic prisms, truncated, having the obtuse summits and the acute 
lateral edges replaced by planes. (Wohler.) It sometimes forms orange- 
yellow crystals, containing comparatively little water and giving off only 
3'17 per cent, (f At.) water .at 200^, and brown-yellow crystals which 
contain more water and give off C'Cl per cent. (1 At.) water. (Rammcls- 
berg, Pogg. 42, 114.)—Balard (Gompt. rend. If), 909) likewise states 
that the crystals contain 1 At. water. 


K. 

Dried at 200°. 

.. 32-48 

Rammelsberg. 
.... 32*82 

Ni. 


.. 24-44 

.... 24-79 

2 Cy . 


.. 43-08 


KNiCy3 ... 


.. 100-00 



Cyanide of Nickel and Sodmm.. .NaCy,NiCy.—Crystallizes, in com¬ 
bination with water, in long six-sided prisms, which give up their water 
when continuously heated to 100°. The yellowish white, opaque residue 
molts at a stronger heat, and decomposes like the potassinm-compound, 
but much more readily. (Whhler.)—The crystals give off their water, 
amounting to 20 73 per cent. (3 At.) below 150°, and the residue con¬ 
tains 1 At. cyanide of potassium to 1 At. cyanide of nickel. (Rammels- 
berg.) 

Cyanide of Nickel and Barium .—The yellow, transparent crystals 
give off 20 per cent. (3 At.) of water, when heated. (Berzelius Lehrhi) 

Cyanide of Nickel and Calcium. CaCy,NiCy.—The deep yellow 
hydrated crystals assume when heated a pale yellow colour and micaceous 
aspect, and afterwards decompose, without fusion, like the potassium- 
compound. The aqueous solution is precipitated by alkaline oxalates 
and carbonates. (Wohler.) 

Cyanide of Cadmium and Nickel .—Cyanide of cadmium and potassium 
yields a white precipitate with sulphate of cadmium; the precipitate 
dissolves in excess of the potassium-compound, and in acids. (Rammels- 
herg.) 

Cyanide of Nickel and Lead .—Aqueous cyanide of nickel and potas¬ 
sium mixed with acetate of lead yields, after a few days, a yellowish- 
crystalliiie powder. (Wohler.) — White flakes, soluble in nitric acid, 
(F. & E. Rodgers.) 

Cyanide of Nickel and Iron. FeCy,NiCy. —Aqueous cyanide of 
nickel and potassium forms with ferrous salts a white precipitate (Wohler), 
which, after standing for some time, becomes pale blue. (F.& E. Rodgers.) 


Werrocyanide of Nickel. C^K^FeNi"—Ni^FeCy^.—Nickel-salts mixed 
with ferrocyanide of potassium yield thick, pale apple-green flocks. 
These dissolve in aqueous ammonia, forraiug a dingy red solution (pale- 

2 2 
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red, according to Wittstoin), -wliicli, after a wliilo, deposits silky laniinte 
of the same colour. (Tupputi.)—Aqueous solutions of ainmoniacal salts 
do not dissolve this ooinpouiul. (Wittstoin.)—IT When prepared as above, 
this compound always retains forrocyauido of potassium, -which cannot be 
romovod by washing; the only way to obtain it pure is to decompose the 
following compound by boiling with water (ykl. inf.). 

Ammonio-ferrocj/anide of Nickel. — a, 5NI-P,NPPeCy^ + 4HO.—A 
solution of rocontly precipitated ferrooyanido of nickel in excess of 
aininonia do]io3il3, after a short time, a violet crystalline compound, 
which must bo dried in a current of dry ammonia. The same compound 
is olitaluod by adding ferrocyanido of pota.ssium to the solution of a nickel- 
salt containiiig a largo excess of aitunonia. —In the moist state, this com¬ 
pound is flocoinpoaed by more exposure to the air, ammonia and water 
osoaping, and forrooyaniclo of nickel remaining; hut after drying, it docs 
not glvo oif wator and ammonia till heated to 100° or 150“. Boiling tho 
ooinpouiul with wator likewise decompo>-03 it into ammonia, water, and 
ferrocyanido of nickel. Dilute acids tako up tho ammonia without 
dooompo.slng tho forrocyanide of niekol thereby sot free; strong acids, 
dooomposo the fon’ocyaiiido of nickel in the ordinary way. Potash 
doooinposos tho compound, disongaging ammonia, and forming a solution 
of ferrooyanido of potassium and a precipitate of oxide of niekol. (A. 
Reynoso, N. Ann. Chim. Phys. 30, 2.12; Jahresher. 1850, 358.) 

h. 2NH'',NPPoCy^,4HO.—When ferrocyanido of potassium is added 
to an ainmoniacal solution of nitrate of -nickel, this compound is obtained 
in tho form of a groonisli -white precipitate, which, after thorough dry¬ 
ing, exhibits tho appoarnneo of a very dark green mass, becoming white 
by piilvorizii.tion. Jt adheres to tho tongiio, is perfectly tastoless, a.iul 
insoluhle in water. Docomposoil by heat, giving off ammonia and bydro- 
cyanato of ammonia, and leaving a carbon-compound wliich burns with 
fusion. Weak acids docomposo it in tlie same manner as tbo preceding 
salt, but not so easily. Ammonia dissolves it, converting it into tho pre¬ 
ceding compound a. Combined or rather mixed with ammonio-ferro- 
oyanido of ooppor, it forms a precipitate of a beautiful peach-blossom 
colour. (Reynoso.) IT 

Ferridcyanide of Nickel. C'’N’Ni”,C‘’N®PQ'*=;3NiCy,re’Cy^.—Nickol- 
salts form with ferridcyanide of potassium a thick brownish yellow 
precipitate (Gm.) ; red-brown (Smoo) ; red-brown, beooming rodder 
long standing. (F. & E. Rodgers.) Identical with this compound js 
perhaps tho roddish yollow precipitate which cyanide of nickel and 
potassium forms with ferric salts. 

“if Ammonio-ferrideyanide of Nickel. 2NH^,NPFo’Cy“,l-IO.—Ferrid- 
cyanido of potassium aildod to ainmoniacal nitrate of nickel forms a 
beautiful yollow procipitato, soluble in excess of ammonia. (Reynoso.) Tf 

Oyanide of Nickel and Oobalt. CoCy,NiCy,—Cyanide of nickel and 
potassium forms a pale red precipitate with cobalt-salts. 

- Gohallidoyanide of Nickel. C®N®Ni®,C''N-’Co“ = 3NiCy,Co*Cy’. — 
Cobaltidcyaiiide of potassium forms with sulphate of nickel-oxido and 
potash, lino, light, azuro-colonrod Bakes (Gm.); according to F. & K, 
llodgors, tlioy m’o light green. Tho precipitate-is not.attacked by boil- 
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ing liyrlrochloric acid. (Liebig, Ann. Pharm. 41, 291.)—IT According to 
Zwonger (Ann. Pharm. 62, 173), the precipitate obtained by adding 
cobaltidcyanide of potassium to nickel-salts, always contains cobaltid- 
cyanide of potassium, which cannot be removed by washing. To obtain 
cobaltidcyanide of nickel in a state of purity, it is necessary to precipitate 
a nickel-salt with excess of hydrocobaltidcyanic acid. The precipitate 
th us obtained is gelatinous, of a light blue colour, and when exposed to 
the air, dries up to a transparent, greenish blue, vitreous mass, exhibiting 
a conchoidal fracture. It is perfectly insoluble in water and in acids. 
Potash-ley decomposes it, sejiarating hydrated oxide of nickel; but 
ammonia dissolves it completely. Dried at 100°, it contains 12 At. 
water. At a higher temperature, it gives off its water, and turns grey; 
but the anhydrous compound, when exposed to the air, quickly absorbs 
a quantity of water equal to that which it has lost, and resume.? its 
original colour. (Zwenger, Awn./Vtariii. 62, 173.) 



Anhydrous. 



Hydrated. 


Zwenger. 

12 C . 

. 72-0 . 

... 23-72 

12 C . 

... 72-0 

17-50 

.... 17-49 

6 N . 

.. 84-0 . 

... 27-67 

6 N . 

... 84-0 .... 

20-41 


2 Co. 

. 50 0 , 

... 19-44 

2 Co. 

... 59-0 ... 

14-34) 

.... 35-43 

3 Ni. 


... 29-17 

3 Ni. 

... 88-5 .... 

21-50/ 




12 110 . 

... 108-0 .... 

26-25 

.... 30-42 

SKiCy.WCf 

. 303-5 

.... 100-00 

+ 12Aq . 

... 411-5 .... 

100-00 



Ammonio-cobattidatjanide of Nickel. 2NH''’, NPCo^Cy'' -f 7Aq. — 
Eccently precipitated cobaltidcyanide of nickel dissolves readily in am¬ 
monia, forming a bluish solution which, when slowly evaporated, deposits 
the ammonia-compound in bluish crystalline scales. The compound may 
also be precipitated from the ammoniacal solution by alcohol; tho pre¬ 
cipitate is whito at first, but when allowed to settle down quietly it 
assumes a bluish colour. The precipitate is amorphous, and insoluble in 
water. Acids withdraw the ammonia, and leave cobaltidcyanide of 
nickel in the form of a light blue powder. This compound undergoes no 
alteration wlien heated in the air to 100°; at a higher temperature, it 
takes fire, and burns away with strong intmnescouce. (Zwenger, Ann. 
Pharm. 62, 174.) 


ZwengBr. Or: 

12 C . 72 0,... 17-98 .... 18-01 2 NIP,,,. 34-0.... 8-49 

8 N . 112-0 .... 27-96 3 Ni .... 88-5 .... 22-10 

13 H . 13-0 .... 3-25 .... 3-44 2 Co .... 59-0 .... 14-73 

7 0 . 56-0 .... 13-98 6 Cy .... 15G-0 .... 38-95 

2 Co. 59-0..., 14-731 7 HO .... 03 0 .... 15 73 

3 Ni. 88-5.... 22-10/ - 


2NlP,NFCo2Cy“ + 7Aq 400-5 .... 100-00 


400-5 .... 100-00 li 


END OE VOLUME VII. 
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REPORT 


oy 

THE FIFTH ANNIVERSARY MEETING 

OP THE 

CAVENDISH SOCIETY. 


The Anniversary Meeting of the Cavendish Society for the year 
1852 was held at the rooms cf the Chemical Society, No. 5, 
Cavendish Square, on Monday, the 1st of March, at three o’clock 
in the afternoon. 

The Chair was taken by Thomas Gbaham, Esq., F.R.S., 
Pkesident, who called upon the Secretary to read 

THE REPORT OF THE COUNCIL. 

“In reporting the result of their proceedings during the past 
year, the Council arc again enabled to congratulate the Members 
on the continued prosperity and gradual extension of the Society. 

“ Two books have issued for 1851, namely, the first volume of 
LEHjfANN’s ‘Physiological Chemistry,’ and the sixth volume of 
Gmeein’s ‘Hand-book.’ The former of these works ■wiU be com¬ 
pleted in three volumes, the second of which is now in progress, 
and will constitute one of the books to be supplied to the Members 
this year. The sixth volume of the Translation of Gmelin’s ‘ Hand¬ 
book' concludes the Inorganic part of this work, in the produc¬ 
tion of which the Society has enriched the scientific literature 
of the country with a complete and systematic exposition of the 
e.xisting state of knowledge upon the subject to which it relates. 
The desire to make this work generally available to British Che¬ 
mists was one of the motives which originally contributed to the 
establishment of the Cavendish Society; and the almost unanimous 
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approbation, whicb bns been expressed by the Members, of the 
selection which the Council made of this as their first great publi¬ 
cation, has induced tlient to persist in applying nearly all the means 
at their command towards the comxiletion of the Inorganic part, 
now finished, before undertaking other works which have been in 
contemplation. 

“ In order to meet the wishes of those who may be anxious to 
join the Society, with the view of possessing Gmelin’s work, the 
Council have arranged that the sixth volume may be substituted, 
when desired, for the volume of ‘ Chemical Reports and Memoirs,’ 
which is out of print, as one of the books for the Subseiiption of 
1848, by which means the six volumes of the Inorganic part of the 
‘ Handbook,’ together with the ‘ Life of Cavendish,’ may be ob¬ 
tained for three years’ subscription, namely, 1848, 1849 and 1860. 
It has been arranged also that gentlemen commencing to subscribe 
for 1851, may have the option of taking the ‘Life of Cavendish,’ 
instead of the sixth volume of Gmelin’s ‘ Chemistry,’ as the book 
whieh is given in addition to the first volume of Lehmank’s 
‘ Animal Chemistry,’ for that year. 

“ III the last Annual Report allusion is made to a desire which 
Iiad beeu expressed by several Members of the Society that a 
'I’ranslatiou of Bischof's ‘Elements of Chemical and Physical 
Geology ’ should bo undertaken by the Council at as early a period 
ns possible. The attention of the Council had previously been 
directed to this work, but, notwithstanding tbo high reputation it 
had acciuircd among scientific men, and the general intoregt of tlio 
subject, it was thought to be too voluminous to admit of its being 
undertalccn while other extensive works were in hand. An arrange¬ 
ment has subsequently been made with the author which has re¬ 
moved the difficulty the Council had previously felt, and it is now 
decided that Pjiofjjssoh Bisohof shall rewrite the work for the 
Society in a more condensed form, and at the same time introduce 
such new facts and views as he may have acquired from recent ob¬ 
servations. The preparation of this work is now in progress, and 
the first volume will be supplied to the Members in the course of 
the present year. 

“The Organic part of Gmemn’s ‘Hand-book of Chemistry’ is 
rglso being prepared for publication.’* 



Teeasxjeek’s Statement of the Eeceipts and Expendituhe of the Catendish Society, 
from the 1st of March, 1851, to the 26th of February, 1852. 
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It was moved by Da. Johk Stbnhouse, seconded by Mb. 
Edmund Gbeaves, and resolved, 

“ That the Report just read be received and adopted.” 

The Meeting then proceeded to the election of Officers for the 
ensuing year, and the following Gentlemen were dcclai’ed to have 
been duly elected:— 


iarrjjfbtnt. 

PaosEBSOE Geaham, P.U.S. 


©(tc*i9rEjSftrcnW. 


Aethue Aikin, P.G.S. 
Peotessoe Buande, P.P.S. 

EAEE OB BuELINaTON, P.R.S. 

SiE James Ceaek, M.D., P.R.S. 
Waitbe Cetim, P.R.S. 

John Daw, M.D., P.E.S. 


Miohaei. Faeadat, D.C.L., P.R.S. 
J. P. Gassiot, P.R.S. 

SiE. R. Kane, M.D., PR.S. 

W. A. Millee, M.D., P.R.S. 
Jonathan Peebiea, M.D., I’.R.S. 
Peobbsboe Wheatstone, P.R.S. 


fifountd. 


W. R. Basham, M.D. 

Jacob Bem, M.P., P.L.S. 

Goldino Bnin, M.D., P.R.S. 

J. E. Bowman, P.C.S. 

P. J. Chadot, M.A., P.R.A.S. 
Waeebn De ia Rhe, Ph.D., i'.R.S. 
W. Pebghson, P.C.S. 

J, J. Geibpin, P.C.S. 


H. Bence Jones, M.D., P.R.S. 

G. D. Lonbstabj?, M.D., P.C.S. 

T. N. R. Moebon, P.L.S. 

R. POEEETT, P.R.S. 

R. H. Semple, M.D. 

W. Shaepet, M.D., I'.R.S. 
Chaeleb Tomlinson, Es®. 

A. W. Williamson, Ph.D., P.C.S. 


Creniurer. 

Henet Beaumont Lbeson, M.D., P.R.S., St. Thomas’s Hospital. 


Siecrstars. 

Thbophilus Redwood, Esq., 19, Montague Street, Russell Square. 
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It was moved by Mh. William Basiiok, seconded by Mb. 
William Glass, and resolved, 

“ That Mb. T. H. Henry, Mb. Tesohemaoheb, and Ds. 
Perot, be appointed Auditors for the ensuing year.” 

The following Resolutions were unanimously adopted 

“ That the thanks of the Meeting be given to the Pbe- 
siDENT, Treasueeb, and Council, for their services to the 
Society.” 

“ That the thanks of the Meeting be given to the Honobaet 
Local Seobetaries for their services to the Society.” 

“ That the thanks of the Meeting be given to the Chemical 
Society for the use of their rooms on the present occasion.” 

The Meeting was then adjourned. 

TIIEOPIIIL-US REDWOOD, Seceetaey, 

19, Montague Street, Russell Square. 


March Ist, 1852. 
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